
UNCLASSIFIED

AD NUMBER

AD870734

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; MAY 1970. Other requests shall
be referred to Air Force Research Labs.,
Hanscom AFB, MA.

AUTHORITY

AFCRL ltr, 22 Dec 1971

THIS PAGE IS UNCLASSIFIED



AFCRL-70.0137 SIO Ref, 70-7

Airborne Measurements Of

Optical Atmospheric Propertie /

At Night Seibert Q. Du le
I Richard W. Johnson

Jacqueline I. Gordon

Almerian R. Boileau
0
SThis document is subject to special export controls and each transmittal to for-

eign governments or foreign nations may be made only with prior approval of
AFCRI. (CROA), L. G. Hanscom Field, Bedford, Massachusetts 02173.

FINAL REPORT MAY 1970

Period covered: January 19, 1967 through April 30, 1970
CONTRACT NO. F 19628-67-C-0181 _

Project No. ' 7621
f l Task No. 762107

,AL~ Ti Nt A IWork Unit No. 76210701

SA, Li~l

MULTIPLE REPRINTS INCLUDED

Contract Monitor: Leo J. Sheehan, Major, USAF

Optical Physics Laboratory

Prepared for .

Air Force Cambridge Research Laboratories, Office of Aerospace Research
United States Air Force, Bedford, Massachusetts 01730

VISIBILITY LABORATORY San Diego, California 92152



UNIVERSITY OF CALIFORNIA, SAN DIEGO
SCRIPPS INSTITUTION OF OCEANOGRAPHY

VISIBILITY LABORATnRY
SAN DIEGO, CALIFORNIA 92152

AIRBORNE MEASUREMENTS OF OPTICAL ATMOSPHERIC PROPERTIES AT NIGHT

Seibert Q. Duntley, Richard W. Johnson,
Jacqueline I. Gordon, and Almerian R. Boileau

CQONTRACT NO, F 19628-67-C-0181

Project No. 7621
Task No. 762107
Unit No. 76210701

FINAL REPORT
Period Covered: January 19, 1967 through April 30, 1970

SlO Ref. 70-7
May 1970

Contract Monitor: Leo J. Sheehan, Major, USAF
4 Optical Physics Laboratory

r . MULTIPLE REPRINTS INCLUDED

This document is subject to special export controls and each transmittal to
foreign governments or foreign nationals may be made only with prior approval,_ ~of AFCRL (CROA), L. G. Hanscom Field, Bedford,, Massachusetts 02173.

Prepared for

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES
M OFFICE OF AEROSPACE RESEARCH

UNITED STATES AIR FORCE

BEDFORD, MASSACHUSETTS 01730

Approved- REPRODUCED FROM14 COLOR STOCK Approved for Distributiown

Seibert Q. Duntley, Director William A. Nierenberg, Director
Visibility Laboratory Scripps Institution of Oceanography



-, '•*•' •-,.- - , -, , •s---, =-''-----' -'----,---v-,------'- ----------- - - - --

i

Abstract

This report presents atmospheric optical data collected at night in Thailand chiefly with airborne in-

struments during two field expeditions, one trip made during the wet monsoon season and one during the

dry season. Results from eighteen flights are presented. The data include irradiance, directional ref lec-
tance of backgrounds, total scattering coefficients,, atmospheric beam transmittance, path radiance, and

directional path reflectance. Data for starlight, moonlight, and overcast conditions were derived for
downward-looking paths of sight inclined at seven zenith angles(93% 950, 100 1050 1200. 1500, and 180')
from altitudes of 1524 m and lower in five spectral regions, as follows: four narrow band optical filters
with maximum transmittances at 475, 515, 660, and 745 nm; one broad band sensitivity representing the

S-20 multiplier phototubes fitted with UV reflection filter. Simultaneous photoelectric (Royco) measure-
ments of the distributions of atmosphere particle sizes are reported.
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Summary
This is the Final Report prepared in compliance with AFCRL contract F 19628-67-C-0181. The principal

task was to make nighttime atmospheric optical measurements in Thailand and Puerto Rico by sensors de-
veloped at the Visibility Laboratory and installed in Air Force C-130 aircraft No. 50022, and from thest,

measurements to determine several important optical properties of various downward inclined path, of
sight. These properties include the atmospheric beam transmittance, path radiance, path reflectan-'o,
background reflectaoce, background radiance, and contrast transmitt,,Lt,.

Two field trips were made to Thailand, the first during September and October in 1968, the second dur-
ing February, March, and April of 1969. The first trip coincided with the wet monsoon season; the second

trip was during the relatively dry season. During both trips data were recorded over the Khorat Plateau
forested area, over cultivated areas of the Chao Phraya River delta, over the Gulf of Siam, and over land
areas adjacent to the Gulf in the vicinity of Rayong. The Puerto Rico trip was made in July of 1969; night-
time data were re.corded over the Atlantic Ocean north of Puerto Tortuguero.

The instrumentation carried by the C-130 aircraft for recording optical data consisted of a total scat-

tering meter (or nephelometer) for determining the total scattering coefficient, two sky scanning radi-
ometers for recording upper and lower sky radiances, a fixed large aperture radiometer for recording nadir
radiances, and a dual irradiometer for recording alternately the downwelling and upwelling irradiances.

The meteorological instrumentation included a Royco particle counter, pressure transducers, a dewpoint
hygrometer, and an AN/AMQ-17 aerograph for measuring ambient temperature and humidity. The installa-
tion of the above equipment in Air Force C-130 aircraft No. 50022 was performed by Hayes International

Corp. under Air Force Contract F 19650-68-C-0315.

Each optical instrument was fitted with five optical filters causing it to measure at four different
narrow band wavelengths of the spectrum. The fifth filter permitted the sensor to record in accordance with
the sensitivity of the S-20 multiplier phototube from 400 nm to approximately 800 nm. The wavelength se-
"lection for the four narrow band filters was based on the expected changes in the chlorophyll and xantho-
phyll content of the vegetation during seasonal chang or after crop harvesting.

Data were recorded on magnetic- tape in the aircraft by means of a 42 channel magnetic tape data log-
ger, ocer 'or he date fro-, the royco particle counter which were recorded on paper tape. The data

tapes; b' -,"netic and paper, were returned to !he Visibility Laboratory at San Diego for processing.
The mat,..- .ape was then processed by the computer facilities at University of California, San Diego,

and the papt tapes processed manu I ly at the Visibility Laboratory.

Analogous optical data were also obtained on the ground, sometimes simultaneously, by effectively
duplicato instri-nentation.

Simultaneous meteorological date were also obtained in the aircraft and at the ground installations.
These data include atmospheric oressure, temperature, humidity, and particle size distribution. They are

__ not included in this report.
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1. Introduction

11

This final report under Air Force Contract No. F 1 9628-67-C-0181 is part of the research program of Air

Force Project OPERATION SHED LIGHT. That project, initiated in 1965, seeks to improve Air Force capa-

bility for close support operations at night. The advent of electro-optical night vision devices, poten-

tially capable •t enabling crews of low flying aircraft to view terrains by starlight, resul.ed in a require-

ment for optical data on the atmospheric limitations on the operation of such devices, particularly along

shallowly inclined paths of sight. Optimization of the engineering design of such night viewing devices

also requires information concerning the nighttime optical properties of typical backgrounds against which

objects of interest are expected to appear. In short, the requirement is for all of the data that are neces-

sary to predict the magnitude and character of nighttime optical signals available at an aircraft. Such

Idata were collected and are presented in this report.

Optical properties of atmospheres and terrains were measured from a specially instrumented C-130 air-

craft and an associated ground station at several selected locations in Thailand during the wet monsoon

season in the Fall of 1968 and the dry monsoon season during the Spring of 1969. Supplementary in-flight

meteorological measurements were also recorded. These may provide a link with more conventional mete-

orological records. The optical data cover four selected wavelength intervals in the visible spectrum and

the near infrared. Numerical examples are provided to i l lustrate some uses of the data which may be made

by engineers concerned with the design of improved electro-optical night viewing devices for specialized

applications.
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1.1 BACKGROUND OF THE PROJECT

"The difficult expeimental task described in this report was carried out successfully within the time

requirements of Project SHED LIGHT only because most of the experimental techniques and some of the

necessary iistruments were already in existence. Airborne research in atmospheric optics under Air Force

sponsorship has been a continuous activity at the Visibility Laboratory of the University of California

"si'ice 1952, but the work has its roots in similar airborne experiments conducted by some of the Labora-

tory's scientific personnel dring World War II and thereafter.

The Visibility Laboratory was established jointly by the United States Air Force and the United States

Navy to develop a capability for predicting, by calculation from physical data, the probabilities with which

any object of military importance can be visually detected, recognized, or identified under operational

conditions of any kind, anywhere, any time,, with or without the aid of optical instruments, photographic

systems, or electro-optical devices. Techniques for accomplishing this mission are under continuing de-

velopment. The bank of necessary physical data is constantly growing. The experiments conducted in

Thailand for Project SHED LIGHT are part of the Laboratory's on-going program of environmental

measurements.

1.2 EARLIER AIRBORNE OPTICAL ATMOSPHE..C MEASUREMENTS

A few airborne optical atmospheric measurements were made by U.S. military and industrial scientists

during World War I and, to a limited extent, throughout the years that followed. A small amount of similar

work was also carried out by other nations. In 1940 some of the authors of this report undertook airborne

optical and terrain measurements from aircraft at the request of the United States Army. The first of these

measurements were made in December of 1940 from a military aircraft operated by the Massachusetts Na-

tional Guard. The equipment consisted of battery-operated, laboratory-typ, visual photometers poorly

suited to the needs of the task. After the United States entered World War 11, new specialized in-flight

spectroradiometric equipment was constructed, based chiefly on photographic photometry. It was used in

B-17 and B-24 aircraft by personnel of the present Visibility Laboratory.

Similar studies by the same individuals continued after the war under various military sponsorships.

Data were obtained from an instrumented Air Force 8-47, an instrumented Navy F2H2. and an instrumented

Navy R4D. In this period experimental procedures shifted from reliance on photographic photometry to

automatic, recording photoelectric devices employing multiplier phototubes. Data flights were made in

continental United States and in Puerto Rico. Many of the data served highly specialized, specific needs.

Other data were of low reliability compared with today's standards and have been .'uperseded by newer

work. Some, however, had wide applicability and are still in use,

1.3 VISIBILITY LABORATORY IN-FLIGHT ATMOSPHERIC MEASUREMENT PROGRAM

The Air Force/Visibility Laboratory in-flight atmospheric measurement program was initiated in 1952 in

response to requirements of the Strategic Air Command of the U. S. Air Force. The initial needs were for

data under night conditions., None of the preceding airborne measurements had been made during darkness.

No existing airborne equipment had sufficient sensitivity for operation in starlight. A preliminary attempt

to obtain the needed data was made in B-36 aircraft from Fairchild Air Force Base near Spokane, Washing-

ton. Although some marginally applicable information was secured, it was clear that the task required an

1-2
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aircraft permanently instrumented with photoelectric equipment of advanced design. Early in 1953 a B-29

assigned to the Air Research arnd Development Command was made available to the Visibility Laboratory

for instrumentation at Edwards Air Force Base, California. The installation included two large aperture

ý (12-inch diameter) reflecting type, scanning telephotometers for mapping the night sky above and below
E• the aircraft and a variety of other photoelectric optical measuring devices capable of use at night. The

same instruments also functioned in daylight.

Even before the original nighttime data requirements were fulfilled, new military requirements for opti-
cal atmospheric data appeared. Eventually the B-29 aircraft was replaced by a C-130 and the original in-

strurnents were updated. Because there was no longer any requirement for airborne measurements at night
and because the large scanners had severe aerodynamic problems, new smaller and faster scanners were
constructed. All of the new equipment for the C-130 was designed solely for use at daytime light levels.

That restriction proved to be unfortunate when,, in January, 1966, Air Force Project OPERATION SHED LIGHT
k produced a requirement for low altitude optical atmospheric data at night. There was neither time nor funds

to reinstrument the C-130 completely.

f 1.4 PROJECT SHED LIGHT*

Fortunately, new developments in multiplier phototubes enabled the sensitivity of the small scanners
and other in-flight optical instruments to be increased significantly. Samples of the new detectors wer.

used to demonstrate that the existing small scanners and other optical sensors could be converted for suc-
cessful night operation. The subsequent conversion required both the use of expensive, state-of-the-art,

selected multiplier phototubes and drastic reductions in data acquisition rates (scan rates), but no other
feasible option was found within the constraints of time and funds. Even so, extensive chang;r in experi-

mental methodology, electronic circuitry, and data processing procedures had to be made, Some additional
instrumentation and extensive aircraft modification was required. New ground station equipment was built.

All of this was accomplished within a time span acceptable to Project OPERATION SHED LIGHT.

IF This report describes the equipment and overseas deployments, and presents the best of the resulting

data.

FIRST AND SECOND OVERSEAS DEPLOYMENTS

At the request of the Air Force, data were obtained first during two overseas deployments in Thailand.

k All arrangements were made by the Contract Monitors. They also selected sites for the experiments. One

X of the Project Monitors, Dr. Robert W. Fenn, has provided an account of the planning of the field measure-

ment program in Thailand;, it is quoted verbatim immediately below.

"Planning of Field Measurement Program.

"Very limited data on atmospheric visibility exist for the Indochina area. Climatic data are pri-
marily based on Weather Services' compilations and are restricted to ground surtace visibility
observations.

"An analysis of such date, for instance for Thailand, reveals that there are considerable iocal
variations in surface visibility, even in yearly average values. The annuai average visibilities

* See also SHED LIGHT management report.
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vary between 8 kfn (Khlog YVa o, the east coast of the Gulf of Siam 11047' N, 102053' E) and

25 km P,ýacii Unla Choinklao in the Chao Phraya Delta, 13032' N, 100035* E) with the majority
of values between 9 and i5 kin.

"The weather cf Southeast Asia is controlled by the monsoon regime. The southwest monsoon
during the summer months brings the warm and moist air from the Gulf of Siam and the Guilf of
Bengal with hnivy raw showers into the Southeast Asia Peninsula. The northeast monsoon
from the interior of Asia is dry. exceut where it picks up moisture on its way across the Gulf
of Tonkin and the South China Sea, causing 'chrachin' condition with drizzle along the Vietnam

coastal region.

"'The visibility conditions are characterized also b3 the monseon regime. Heavy rain showers
during the summer monsoon tend to washout dust and haze from the air resulting in good visi-
bilities under the generally overcast sky. During the dry winter monsoon period dry dust from

the ground is picked up by winds to form haze layers, frequently enhanced by smoke from burn-
ing rice fields. In general visibilities during the dry season range from about 6- 10 kin, whereas

they improve to 10-15 khi during the rainy season.

"No quantitative data existed on the vertical structure of the atmosphere with regard to its tur-

bidity characteristics.

"From these considerations it is quite apparent that a limited field measurement program should
as a minimum cover the two major seasons, namely summer and winter monsoon and possibly
reach into the transitional periods in April-May and October-November.

"A study of the Southeast Asia area shows that a number of rather typical areas exist with re-
gard to their geographical features as well as atmospheric features.

"As such areas one may define: (a) the River Delta areas, with their canals and rice fields,
(b) the heavily wooded highlands of the interior areas, and (c) the Coastal strips. All these
areas are found in various locations in Southeast Asia.

"The meteorological conditions vary considerably for these locations. The exposure of land
areas to oceans has a significant effect on the monsoon influence. The geographical location
of the Thai Peninsula with regard to the Gulf of Siam produces a similar effect on the northeast
monsoon as .' - For the coastal range of Vietnam. On the other hand the southwest monsoon

during the F. *. months transports air over large land masses hefore it reaches the Vietnam
east coastal areas, a conmdition which is similar to that for central Thailand during the northeast

"monsoon. One therefore might expect some airmass similarity between the northeast monsoon
region in Thailand and the southwest monsoon region in Vietnam. The large scale airmass cir-
culation patterns in addition ar' strongly affected by local phenomena as the burning of rice
fields. Apparently early morning hazes and smoke prevail near popiulated areas, this effect

being enhanced by the hazy nature of the equatorial air mass.

"The adequacy of a particular field site for the purposes of this project depends on many fac-
tors such as terrain re-resentativeness, atmospheric-metLorological conditions, air mass circu-
lation (and here particularly local effects may disturb the represe'ntativencss of an area). logis-

tical aspects regarding ground operation and aircraft operation and the combination of both.

"Based on these considerations and on ohservatito.' daring a preliminary survey trip, three

areas in Thailand were selected for the measirement program;

1. The Chao Phraya Lowlands in the vitinit orf .op liiri north of Bangkok

2. The Khorat Plateau in the general vicinity ifNathon liatchasima

3. The coast along the Gulf of Siam east of I' Taphno near rayong

"The location and general characteristics of thcse three areas is mhowis in Fitures I through 4,

"As will be pointed out later in the report, one difficulty with regard to representativeness in
nighttime measurements in all these locations is the presence of artificial lights. Otherwise
the terrain was very homogeneous within the mieasurement area, Some comments on the specific

terrain features for individual flights are given in the description of the airborne data packages
(Section 6-1)."
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PROJECT OBJECTIVE

The objective of project OPERATION SHED LIGHT is to imprv',e the capability of the Air Force to oper-
ate at night. The ability of the human eye to discriminate o.,jects is severely reduced at nighttime light
levels. This can be partially overcome in two ways: (1) by illuminating the terrain, or (2) by using image
intensifier devices. These are well described by Morton (1964),, whose analysis demonstrates the critical
role of apparent object contrast among those factors which determine the limiting performance of such vis-
ual aids*. Accurate knowledge of the spectral characteristics of the apparent contrast of objects wher
tiewed against typical backgrounds is vital to the optimization of systems for operational use. Thus, de-

tailed knowledge of the reduction of contrast by the atmosphere is essential for proper engineering design.
The nighttime in-flight data collected in Thailand and presented in this report are intended to fulfill
that need.

Prior to the experiments described by this report, nighttime atmospheric contrast transmittance from
air to ground was virtually unknown. Limited previous experimental (Duntley, et al., 1964) and theoretical
(Duntley, et al., 1957,, and Wells, et al., 1968) analyses of daytime contrast transmittance and its depen-
dence on altitude, look angle, atmospheric light scattering properties, illumination and ground albedu have
shown that the inherent contrast of an object against its background can be reduced by several orders of
magnitude if viewed along a path through the atmosphere. Figure 1-1, which is based on theoretical work
from Wells, et al.(1968), shows contrast transmittance (or ratio of apparent to inherent contrast) as a func-
tion of altitude for two model atmospheres; the results show a strong dependence on atmospheric properties.

CONTRAST TRANSMISSION VERSUS RECEIVER ALTITUDE
1. 2000 4000 6000

-z__3km GROUND VISIBILITY RENEIR22 0-m ... ..

3 km GRUN VISIILBTLECIVE
•-• ~~ ~ 1N4ADIIR 4 5

-- : ALITUDE km)

=1P-

I-3
Two Model Atmospheres

I ALTITUSEB(LIT )

S *See pages 666 and 667 of Morton (1964) reference., note that contrast appears as8 C2 in these equations.
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Theoretical and experimental studies also indicated that there exists a strong wavelength dependence

for contrast transmittance. This wavelength dependence is not only a function of atmospheric properties

but also of the spectral reflectance characteristics of the background immediately adjacent to the object.
One of the important atmospheric properties, the spcc'Iral palh radiwcwe. although ordinarily unaffected by
the spectral nature of the target and its immediately adjacent background, may nevertheless exhibit a mild

but rarely negligible wavelength dependence on the average spectral reflectance of the terrain beneath the

path of sight. Thus,, it was clear that all of the new nocturnal measurements must be made at appropriately

selected spectral bands.

The previous studies also showed a significant difference in contrast attenuation between cases with

directional illumination (sun or moon) and diffuse illumination (overcast sky or starlight night sky).

The results from tho theoretical analyses and the fact that these computations were based only on g•,n-

eral model atmospheres indicated that a requirement exists for experimental field measurements in a vari-

ety of environmentai conditions

FLIGHT REQUIREMENTS

From the outset it was clear that crews of fast,, low altitude aircraft must view the terrain along shal-

lowly inclined paths of sight. When flying over verdant countryside they are confronted with exceedingly

complex scenes containing hundreds of visible objects. Among all of these the observer must find some

particular object of interest and make positive identification before it passes from his field of view. Ob-

viously, no mechanism should be overlooked to aid the observer in his task. Various means for making

specific objects more conspicuous were suggested by the authors and by Air Force personnel. Some of

these were explored in preliminary studies.

PRELIMINARY STUDIES

The detailed design of the experimental equipment and the data collection procedure was preceded by

sample calculations using dummy data in order to explore the requirements for optimizing the design of

night viewing systems for particular seeing tasks. During April 1966 a letter describing some of these

preliminary studies was sent to the Air Force. Part of that letter,, quoted almost verbatim, is as follows:

"-... the results are interesting even though they are based upon assumed input data and despite

the fact that they represent only a ,cry small sample of the type of study which could and should

be made in order to optimize the performance of future night viewing systems.

"Two kinds of sample calculations were made. The first illustrates how spectral data on ob-
jects and backgrounds cail be used to select the filters for multispectral systems. It also explores

the potential capability of one method for combining and displaying the resulting multispectral
images. The second type of calculation illustrates hoA data oii the contrast tran smitting prop-

erties of the atmosphere can be combined with object and background data and with the modula-
tion transfer function of the night viewing system to predict maximum sighting and recognition

ranges for various atmospheric conditions. The latter type of calculation necessarily involves
assumptions concerning magnification (focal length): extension of this type of calculation to the

case of dynamic search would involve the questioni of field of view. In fact. every one of the

parameters which specifies the performance of a night viewing system is involved ii these cal-

culations in such a way that parametric studies can be made and all of the trade-offs explored.

"The sample calculations were not intended to be the ultimate in completeness or sophisti-
cation. They were done as preliminarv trials and without the expenditure of aiy major amount
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of time on the part of those who participated in them. They must be rogairded merelv as 1Ilh,-

trative examples. Fortunatelv a great deal of aew know'ledge and a great man, new tools for

calculations of this kind have been developed here comparatively recnWly Mai.• of the opera-
tions which have in the past been time consuming when done by hand have been progrimmed
for computers There is, ii fact, an active project supported by NASA mn our laboratory for de-
veloping computer programs for sai:h purposes in order that large scale parametric studies of
dynamic search, detection, and recognition -an be curried out quickly and economically. All of

these new developments contribute to a potential for the utili7ation of data such as the type
under consideration to be obtained with the C-130 in a 'iight operating configuration. Explora-

tion of design compromises and system performance of night vision systems could he performed
rapidly and thoroughly.

"The illustrative calculations referred to above were made by James L. Harris of the Visi-
bility Laboratory who has written an internal memorandum about the work. His memorandum
says, in part:

The purpose of the calculation is not to predict real scotoscope performance but
rather to sho% the type of ( alculhtions uhtrh rould be made if the appropriate input data art,

obtained.

'The calculation is divided into two parts. Part I deals with the questnio of the inherent
optical signal, i.e., the nature of the object and its environment, the spectra! properties of each,
and the utilization of spectral filtering to improve system performance. Part II deals with the

calculation of the object image as displayed by the systcm, accounting for the effect on the in-
herent optical signal of the contrast transmittance of the atmosphere, the modulation transfer
function of the image intensifier system, and the noise level of the intensifier system. The
fundamental limitations on detection and recognition imposed bý these combined properties are

calculated.

Part I - Inherent Optical Signal

'A background consisting of vegetation has a spectral characteristic differing considerably

from that associated with the painted surfaces of most man-made objects. Figure 1 shows a
crude plot of a typical object and background (ERDL data January 1964). MN• reference for this
data did not show the curves below 0.5 microns and I truncated the graph at 0.8 microns since
this is the approximate cutoff of sensitivity of the S-20 photocathode.

'Figure 1 also shows the relative response of the S-20 photocathode over this region and a

plot of the product of the sensitivity curve with both the object and background spectral radiance

curves. It is apparent from these curves that for the conditions under which these data were

taken, there is a region below 0.68 microns in which the object would have positive contrast
(i.e., appear brighter than the background) and a region above 0.68 micron4 in which the object

would have negative contrast (i.e., appear darker than the background). For an unfiltered S-20

surface, the contrast of the displayed image would be determined by an integral over the -,hole
spectral region. Since this combines the positive and negative contrast regions it would be rea-
sonable to expect that the display contrast might be improved by appropriate spectral filtering.

'The reference from which I extracted the ERDL data implied that the curves were drawn for
an object having an average reflectance on the order of 20%. A different value of reflectance
would of course result in a different contrast and a different crossover point.

'By numerical integration of the composite object and background curycs of Fig. 1, the in-

herent contrast of the object against the background as viewed !)N ai unflitered S-20 photocathode
is given by the equation

"C. = 7.03r-- 1 (1)

where r is the average reflectance of the object.

'A plot of the absolute magnitude of Eq. 1 is shown in Fig. 2. The contrast i% zer 't r = 0.14,

negative for lesser reflectance values and positive for object reflectaices greater than 0.14.
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'If, on the other hand,, we were to tCuter spectrally, passing on h' the handI from 0).68 to 0.8
microns,, then by .numerical integration over that region (the "high wavelength" region)

S 2.95r I. 2)

'This curve is also shown in Fig. 2. The reflectance for zero contrast now is r = 0,31.

'if we spectrally filtered to pass onls• that band of frequencies between 1}.5 and 01.68 micron.,
then the contrast for that region (the +"low wavelength" regi'n) in,

('L 8 S.E')r - I (3)

so that the reflectance for zero coiua-ast is' r 0.12 (see Fig. 2). A comparison of the ('.~ anld (',.

curves shown in Fig. 2 verifies the observation froni the ,spectral plots of F' g. ! that for a reflec'-
tance of .20. the object contrast x ould be positive for the spectral region below 0.68 nd negative
for the spectral region above 0 68.

'The simple observations made above made it clear that proper spectral filtering depends
upon the reflectance of the object for which we nrc searching, and this piece of information may
not exist a prvori. e can,l however, take advantage of the fact that the contrast cannot be zero
simtItaneously in both spectral regions. Suppose that we alternately filtered 0.5 to 0 68 and
h.68 thectratn gr th at io oe atgion t ion rate well iee the critical flicker fusion

frequency for the human visual system. By the appropriate addition of neutral density filters
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for eithevr it thet two fil terinig. woul d lit as given liv Ells. 2 uiiiil 3. hiowever the object would

**fit'ker- le wovecu two hi n imnceiit v a liie- w ho.e iii frrejict woulId ne~ver lie ze'ro for anv non-zero

value ol object reflectaince. We L an ma~ke th is quantitautive by noting the values of the numerical

inutegrat ions which were, perfoirmedl onl the effective specitrial distribution curves of Fig. 1. Theae
nuamericalI evaluation.s ot the iiitegral acerv

I -(i7

(4)

ful 27

where the BI and TI suliscrupts. refer to baickgrounid and objc~t and the 1, and H1 subscripts refer
to the - low- (o1.. to 0.6(8 m icron) and "high" (0.68 to 0.8 mi-ron) spectral regions. To make the
background flu-, equal for the two regions we must attenuate the " low" region by a factor 27/67.
Tb is would give at new set iof' vailutes.

'T I-= 34r

IS ý 27

1, = 27.

*A measure of the visual effectiveness of the flicker display is to specify the quantity

B TH 
3
T L 1.54r

AC 5.721 (6)
BI 27

This tuiaiitit3N Is also shown iii Fig. 2. Over the region of practical reflectaiice values, say 0.1
t0 4, the -d~namic- display contrast con' ,ares favorablýl with the contrast obitainab~le from

either of tile static s;pectral futterings. aiid (If voarsev it is iie'.er zero contrast in this region.

*One %er% Important fact that isI- (It a ppareiit in the c a liilat i Oil made above is thait the

dynarnic d is play niaý ot fer In va luiableI aid iii thle %vr% d ifficulIt prohblemi of' attem ptiiig to recognize
liiiicklN an obiject of inlerest located in a vcr% cluttered buackground. The fl ic kering of the object
1% flU d lie v''r% effective lii ci'1n g tile observer -'Iattenution to thle (It) ect . It I, my op in ion thuat

the p~roblemti of rt'cogil ito of1 oth(le obj)ec't iii thlt cliittiered III els gns ijid n be tile mnost setriouls llrob-
leIn to be faced in the practiucal u.v (If theme devices.

'The illas tri t i' c'tal cul at ions, whbic' Iilha~ been ma de relative tto spectra tl filtering and dv -
nitoiic d isp1 o% techniquqas il lii rat th Iiat in ill I?(h oiia/le nl , c.i, (,l I th o/ k 0( uniz2tionl of the de'

liCC ('(LI be mad(el p roil 4111din th ho si pe. sI 'Jri dat a oil dqc)1' 1 * alla 4 /(1kgTounIds ar,- obta(1(ine.

Pa.rt 11 - Detect'ionl an~d Ret'ogniti R111 anuge,

'Three basic nlccbaiiusnls operate t41 rv'(iiev( the (ii alut% of thlL obiject Ima~.ge w hichi %%I he lt

dis1 Il a~ed at thev mira e uitoo,,i ifi(r. The-se ai ' thle c ointras t reduct ioit I mposted b% the litiltospIliti ti

thle resiilit Iiiu lim~itatiions of the Imnuge Intt'nsifier. and (ltil, phlotoo-isho(t'niiiet inlxerut III thle dis-

p 1.1 . TIhe Conti ra st ira'm mitt nce of (ilie at mils til tre niaN he t'\pT s sod b\ thet equt IonI

j\* \,,T

1 . A. R. B~ouleau, J. AppI. Opt. ~.1 571 (1964.
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%%here the paith radmit-ce N* is the radiance' ofi Ilux uiittered into the paith of sight, Ný is the
ilihfirent lbacklground rad i ance. i.e.. that which would he imeasur,,d c•iise to the backgrounid, atid
T is the liainid trsillitntice of tihe path of' sight. i.e.. the tranusmittance forii au image-forming

ray front the obJect. All three qulalntities N*, N., and 'T are a frlinction of wave length, and con-

_trust tranutsuititaulet is therefore a ftinti di of' wavelength. Anty realistic analvsis of optimum

spectral filteriug must cotnsider the ( waveli-ngtli dependence of conitrast trlansmittance. nforl•u

naht,'v Ihc dlata i equui red Io e'lu'iltu i ot lruo 1 Iti Hancli Ia% I function ol I l'au'h'Inglh do not

e'wsli for Ithe nighlti tufe enviroinment'a I.

"For the pIrpose of this illus turatve calculation we will assume the simple exponential form

of' contrast tranismittance,

r V-1 L (8)

where r is the slaut range to the object and 1, is the attenuation length in the %time units as

the slant range. For the purpose of th;s analysis we will asstme attenuation lengths of 625 ft.,
500W ft, and 20000 ft.

'The resolution of the image intensufier can be specified it terms of the modulation transfer
function vf the device, i.e.. the transmission encountered bh each spatial frequency. Since 1 did

not have actuil modulation transfer function data, I assumed the analytic form

T T : •(9)

1 + (Kf)
2

which typifies many image-form tg systems. I further assumed that tie resolution of the system

was defined in the conventtonel manner to be 20 line pairs per millimeter and that this meant that

T = 0.02 at a frequency of 20 cycles per millimeter. The assumption was made that the image
intensifier used a 12 inch focal length lens system. Equation 9 together with the assumption of
the focal length allows an interpretation as to the modulation transfer function mappexd into object

space, i.e., cycles per foot at the object, for operation at a specific slant range r.

'Eql'ipments and computer programs developed in the course of the image processing research
sponsorvd by ARPA 2

.3 were used to generate both numerical descriptions and corresponding pic-
tures of zwo different but somewhat similar objects of interest as they would appear in the dis-

play when viewed at ranges of 2500, 5000, 10000, 20000, 40000, and 80000 ft. The two objects

were selected on the basis of their availability in our file and consisted of a Patton tank and a
Mechanical Mule. One aspect of the choice was the desire to have two objects having approxi-

mately equal detection ranges but ones which are readily distinguishable given sufficient
resolution.

"The steps in the process were as follows:.

(1) The film transparencies for the two objects were run through the image pro,.essing film

scanner which generates a deck of IBM cards containing information on the transmission of the

film at each of 3600 points (a 60 x 60 grid of points). This deck of cards is processed at the
UCSD Computer Center using the CDC-3600 digital comuputer. The processing consiste of mak-

ing a Fourier analysis of the object, applying the modulation transfer function for each of the
object ranges, and then obtaining the inverse Fourier transform which is a description, over the
60 x 60 grid, of the relative luminance values for the displayed image. In addition to tabulated

data, the computer furnishes a deck of "picture" cards which can be played back through the

scanner electronics, displayed on a cathode ray tube, and photographed by a Polaroid scope
camera to obtain a picture of the image degraded by the modulation transfer function.

'A set of the pictures obtained in this way 's shown in Fig. 1. The bottom picture was ob-
tained directly from the film scanner with no degradation imposed. The rest of the set shows
the image quality for target ranges of 2500, 5000. I0 ,00, 290(0). 40000, and 80000 feet. The

2. J. L. Harris, SIO Ref. 63-10 (April 1963).

3. J. L. Harris. J. Opt. Soc. Am., 56, 569 (1966).
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pictui ca show the image degradation due to the modxulation tran.sfer function but do not show
either the noise or the contrast reduction b)3 the atmosphere. Pictures showing the combhina-
tion of all three imigc degradation components can he made but the time available for this
calculation did not permit that step to lie performed. (Atmospheric properties and noise effects
were, however, incldded ini the clukiiuions which led to the curves appearing later in this
discussioni).

R :40 000 FEET

R 29 000 FEET

R 10 000 FEETlj

zR 25000 FEET

NO DEGRADATION

Fig. 3

MECHANICAL PATTON
MULE TANK
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"The next stp in the analYsis was to predict the range at which each of the objects can be
detected and the range -t which the two objects can he distinguished from one another. The

calculations are based on the quadratic content concepts derived in the paper "Resolving Power

and Decision Theory'" 4. Spec.fie~itv the probability of detection and recognition are determined
Irom Eqs. 11 and 14 in that paper. For detection, the difference image is the difference between

the object image mnd the background image. For recognition the difference image is the difference

between the tank image and the mechanical mule image.

"As a preliminary to performing the calculation it was necessary to estimate the noise level
associated with an element of the display. It was assumed that the limiting noise would be
photon-iahot-noise and that due to the atmospheric contrast reduction the display contrast at

threshold range would be quite low, so that the photon-shot-noise variance could be assumed

constant over the entire image.

'For an area increment A A on the photocathode of the image intensifier, the incident flux
would be

AA
F =- AL (10)

f2

where F is the flux in lumens. B is the scene luminance in lumens ster-i ft-2. f is the
focal length, and AL is the area of the entrance pupil of the optical system. Photopic units

were used for this estimate because the proper radiometric values to correspond to various

lighting conditions were not known. By multiplying Eq. 10 by n, the number of photons per
second in each lumen, the number of photons per second was obtained, i.e.,

A A
N = B1- ALn . (11) I

f2

For an observation time T,. the number of photons is

AA
N = B-- ALnT. (12)

f:

Multiplying Eq. 12 by the quantum efficiency, q, of the photosensitive surface gives the number

of photoelectrons, m,

m = B- ALnTq. (13)
f2

The photoelectrons will fellow a Poisson distribution which has the property that the variance
o2 is equal to the mean, i.e..

A\ A
(72 m : B - ALnTq . (14)

f2

Equation 14 in reference 4 require the noise voriance per unit area which is

,02 13AtnTq
V = = : (15)

4. J. L. Harris, J. Opt. Soc. Am., 54, 606 (1964).
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'As indicated in the quadratic content derivations of reference 4, calculations of this type

represent upper limits to performance since the equations are based on complete extraction of
information from the degraded image. While the human system may approach this limit in the
case of detection, it is likelv that in attempting to perform recognition of these low resolution,
low contrast, noisy images, the human visual system may be quite inefficient in the extraction
of information and the performance %ould then be significantly less than that predicted in Fig. .5.

Conclusion

'The purpose of performing this illustrative calculation waq to indicate the techniques of
problem analysis which are presently in existence. It is my pesonal belief that these tools can
be profitably employed both in the optimization of the design of image intensifier systems and in
the optimization of doctrine for the use of such apparatus. To make such analysis meaningful it

is necessary to have reliable data on the spectral radiance of objects and backgrounds and spec-
tral data required for calculation of contrast transmittance, i.e., spectral path radiance and

spectral beam transmittance.'
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"It must be remembered that the foregoing examples tire the results of dummy calculations
based upon assumed input data which have been prepared solely for the purpose of illustrating
some of the uses which would be served by data on nighttime atmospheric effects and night-
time directional reflectance properties of terrains and man-made objects."

IMPROVED COMPUTER-GENERATED PICTURES

The coc puter-generated pictures in the preceding quotation (Fig. 3) omit the effects of contrast reduc-
tion by the atmosphere and the inescapable spatial photon-shot-noise which characterizes the images pro-
duced by image intensifier devices when used under full-night conditions. Also omitted was the effect of
range on image size. Subsequent advances in computer technology at tne Visibility Laboratory now enable
all of these effects to be incorporated accurately. In order to reproduce the dynamic aspect of photon-
shot-noise, computer-generated motion pictures are prepared for projection at the rate of 16 frames per
second. Although such movies cannot be used in this report, an example composed of single frames ap-
pears as Fig. 1-2.

The object selected for Fig. 1-2 was the same tank used in the 1966 pictures. Its background is white
concrete pavement having a directional reflectance of 0.60. An overcast starlight condition was assumed
by specifying that the luminance of th;s background is 1 x 10-5 iu Q-1 ft- 2. This photometric specifica-
tion is used reluctantly instead of a radiometric one in deference to conventional practice with respect to
night vision devices.

The objective lens was chosen to be 750 mm focal length, f/4. This choice is such that each picture
element in the 64 x 64 tank image is 0.1 mm x 0.1 mm. Calculation shows that on the average 40 photons
arrive each 1/16 second on every picture element which depicts the background. The mean number of
photoelectrons was also calculated for each of the other picture elements in the 64 x 6A array. A software
program then replaced each mean value in the picture with a random selection from a Poisson distribution
having that mean. The calculation of mean photoelectrons requires an assumed time of observation, which
in this case was chosen to be 1/16 second. The time choice is associated with the generation of 16 frames
per second movies in which the dynamic noise pattern can be fully seen. Perceptually, the viewing of sin-
gle frames such as those shown in Fig. 1-2 makes the noise level appear greater than it would be in the
dynamic situation.

The modulation transfer function (mtf) for the image intensifier was chosen to be of the form

1+-- f2 ,
1 400

where f is in cycles mm- 1 . This corresponds to the mtf having a value of 0.02 at 20 cycles mm-'.

The atmospheric conditions were assumed to be those of Flight 821. Contrast transmittance values
were calculated from the tabulated directional path reflectances and the directional reflectance of the con-
crete background (0.60). The ranges assumed were 1200, 2400, 3600, 4800, .and 6000 m, For simplicity
the zenith angle of the path of sight was assumed to be 105' for all ranges so that range and altitude are
linearly related by a single constant for all ranges. The resulting contrast transmittances for the corres-
ponding slant ranges are listed in Table 1-1.
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Table 1-1. Contrast Transmittances

Slant Range Atmospheric
(meters) Contrast Transmittance

1177.3 0.84

2354.6 0.70

3531.9 0.60

4709.2 0.52

5886.5 0.45

Figure 1-2 contains five columns of photographs depicting the appearance of the tank at each of these
five ranges as seen through the image intensifier under the assumed starlight conditions when the atmos-

pheric contrast transmittance of the slant paths of sight are 0.80, 0.40, and 0.20. The curve through this
matrix of pictures was plotted from Table 1-1 and depicts the atmospheric effect on the image under the at-
mospheric and lighting conditions which prevailed at the time of Flight 821.

The pictures give a direct intuitive means of evaluating the image quality for any specified set of con-
ditions. The computer software produces, however, much more than pictorial information. Numerical eval-

uation of quadratic content of the image (detection) and quadratic content of difference images (recognition)
serve as a basis for analytic treatment of performance expectations. By splitting the object and back-

ground into separate images for a number of spectral bands, the analysis is easily extended to include
strategies with respect to spectral filtering.

For use in any future work, a more rigorous computer model than the one used in this example is avail-
able for the image intensifier. A software package which has been developed here for a Navy project
takes the optical signal through the lens mtf and then through each stage of a multistage image intensifier
so that for each stage the mtf, nonlinearity of phosphors, and noise accumulation can be appropriately
handled.

SPECTRAL FILTERING

All verdant terrains appear green. Despite minor differences among plant species, the green color re-
sults from the presence of chlorophyll, a red-absorbing (blue) substance, and xanthophyll, a blue-absorbing
(yellow) substance. These two compounds are intimately associated in green plant materials. Chlorophyll
is, in fact, responsible for the important ability of plants to convert solar energy into chemical potential
energy (e.g., sugars) with release of oxygen into the atmosphere. The reflection spectrum of a typical leaf
is shown in Fig. 1-3. The spectral regions of low reflectance (valleys) in the curve are due to strong ab-

t sorption by xanthophyll in the blue (left) and chlorophyll in the red (right) at these wavelengths. Between
these two regions of strong spectral absorption is a reflectance peak which results from the scattering of
light by colorless, nearly absorption-free mechanical structures within the leaf. This green reflectance is
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responsible for the color of the leaf as viewed by human eyes. At the far right of Fig. 1-3 beyond 680 nm,

the reflectance of the leaf rises abruptly and remains high throughout the near infrared region of the spec-

trum. This high reflectance is, again, the result of light scattering by absorption-free mechanical struc-

tures within the leaf;, it signifies that none of the substances in the leaf absorbs the near infrared strongly.

Thus, infrared photography of terrains shows the foliage to be highly reflecting, somewhat as if covered by

snow. Ordinarily, this is not visually apparent because the dramatic increase in reflectance occurs at the

extreme red end of the visual sensitivity. From a color standpoint, it is completely masked by the green

reflectance peak which, although lower in absolute value,, is vastly more effective in stimulating vision

because it occupies the spectral region where the eye is most sensitive. Observers equipped with tight-

fitting, very deep red goggles can, after sufficient dark adaption, see foliage as highly reflecting,, much as

in an infrared photograph.

20 I

a. Healthy Leaf c. Curve a Minus Curve b

b. Damaged Leaf d. SHED LIGHT Spectral Sensitivity 2
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Fig. 1-3. Reflection Spectrum of a Typical Leaf

Classical Camouflage Detection. Most green paints which derive their color from mixtures of blue and

yellow inorganic pigments do not exhibit high reflectance in the near infrared. Therefore, infrared photo-

graphs can often distinguish between visually similar green plants and green paints by showing the former

as light and the latter as dark.

A common photographic technique for this form of camouflage detection uses a special color film in

which the three spectral sensitivities are green,, red, and infrared rather than blue, green, and red as in

conventional color films. Such pictures show foliage as red because of high infrared reflectance of thp

foliage but reproduce conventional green paints as blue-green. This product, developed during World War II
as a camouflage detection film, has subsequently been put to many other valuable uses. In agriculture and

forestry, for example, it detects crop and forest areas where plant diseases are beginnialg to destroy vital
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chlorophyll structures. In oceanography and hydiography theo "co!or-infrarec' film prominently displays

silt distributions and some forms of pollution ir. rivers, harbors, lakes, and oceans.

Foli.,','e Change. The foregoing well-known facts have been summarized only to illustrate one way

of causing certain man-made objects to have increased conspicuity when viewed by multispectral, electro-

optical night vision devices. The above example is by no means the only way in which spectral differ-

ences can be exp:c1ted. In fact, from the standpoint of Project SHED LIGHT interests, much more subtle

and possibly more important spectral discriminations involve tlhe spectral changes which occur in leaf ma-

terials after they have been cut or damag'.d. The spectral details and time history of such changes depend

upon such factors as the species, the nature of the plant injury,, and its condition. Very intensive studies

show that in many cases the first significant change in the reflection spectrum cf injured leaves occurs in

a narrow spectral region centering at approximately 515 nm. An additional absorption soon occurs which

lowers the reflectance there before changes have occurred elsewhere in the spectrum. In some cases the

reflectance at 515nm may be recduced to half its or;;:nal value before any other sign'ficant spectral change

takes place. In the hope of exploiting this early change in the reflection spectrum of injured foliage, one

of the four spectral sensitivities selected for the airborne data collection program in Project SHED LIGHT

was a comparatively narrow spectral region centered at 515 nm. For comparison purposes, another SHED

LIGHT filter was centered at 475 nm in the wavelength region of the xanthophyll absorption because the

reflectance of leaves in this spectral region may chdnge only slightly while, by comparison, the reflec-

tance at 515 nm changes by a factor of 2. These two filters are reerred to in this report as , liters 1 and

2. The corresponding spectral sensitivities are illustrated in Fig. 1-4 and tabulated in Section 6.2.

1.0
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Fig. 1-4. Standardized SSnAs lytiy-Tr'sImtti ,Otf t-A'r • i1" Four N%. r,%N Ban, d F'i lt Ivr- tahotot uw C m.).il)nt t ionI

"Later in the history o' an injured plant chloronhyll decomposes so that absorption in the red and orange

spectral region below 680 nm is lessened. The leaf becomes progressively more reflectant in this spectral

region, i.e., the reflectance curve rises. To take advantage of this reflectance change, tne third filter in

the SHED LIGHT data was chosen to transmit the spectral region just below 680 nm, as shown in Fig. 1.4.
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Initially at least reflectal ,e rin the" ad we,)[-, near infrared (abhvw 720 nim) changes very Iittle Thus, the

fourth narrow band sensitiv ity, began just al)ove 720 rnm and puakedl at 745 nm. When properly compared,

these two spectral regions sensitively display a second stag e of plant damage

It must be noted that the decomposition prod.jcts of chlorophyll and other leaf materials are sometimes

colored; i e , they may have absorption bands in the viwsi)1l spectrum or near- infrared. Therefore complex

changes in spectrum and color are sometimne., 4eunl i tihe lat*9r st,ages of plant damage, depending upon the

manner in which the foliage was injured and upon puriul ariit,ýs of particular plant species. The year-to-

year variability in deciduous autumn foli age ill ustrat•is that the iatuation is not simple. Fortunately. the

spect-al reflectance of dead foliage is of less contouri tnan the more subtlc changes that occur during the

first hours or days following leaf damage.

Fill S,lection. The four narrow band SHD i. LIGHt Ilter,-. weru chosen !n part on the basis of the

above considerations, but two other reqairemnints were aiso imprortant First, the spectra! character of light

scattered by the atmosphere should be revelhd b',, S! ILD LIGHT dta To do this, thp, narrow band sen-

sitivities should be widely distributed actoss the spectruft, Filtur 1 through 4 fulfill this requirement,

as shc-,,n in Fig. 1-4. Since atmospheric scattering exnihiis no spectral frne-,;tructure, the cxdUt positions

of the -asitivities are not critical It is believed that the choice of filters based upon foliage considera-

tions ý.is satisfactory.

Second, the spectral bands should be as narrow as 1.ossib!e, consistent with sensor sensitivity The

four filters selected were recognized as too narrow for sorre starlight measurements and occasionally sub-

miJrginal under moonlight conditions Since the exrstir.g filter changing menchanisms and other considera-

ations limit.-d the maximum number of filters to five, it was dec-ded to let the fifth filter expose the S-20

photocathodes to the entire spectrum above the ultraviolet. Thus. as shown in Fig. 1-4, the sensitivity of

Filter 5 was that of the phototube covered only b, an ultraviolet rejection filter (Wratten 2A). Data were

obtained by Filter 5 when all other filters were light starved and these data served several practical pur-

poses that are explained later in this report

RELIABILITY OF THE DATA

No effort was spared to maximize the reliabil ity of the data contained in this report. Experreilceac

cumulated during more than 25 years of in-flignt optical measurements dictated many precautions. Even

under optimum daylight conditions with ful; home-base laboratory support, data of high reliability are not

ec!sy to achieve. Night opeations ovcrseas, often Under adverse weatner conditions and with no technical

surpport beyond the resources of the field party, are more difficult.

Not all of the data taker. in Thailand are tabulated in this report, only those believed to be highly re-

liable are included. It is possible that portions of the remaining data can be brougnt up to a useful level

of reliability by further study, but neither time nor funds were available under the contract to accomplish

this. There are three pri-cipal reasons why these additional da a are presently judged insufficiently reli-

able for inclusion in this report.
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(1) Insufficient Light

In some instances there was insufficient light to make one or more of the key measurements Missing

vital components tf data prevented the end-product quantities (u g , N , T, R ) from b)0ng calcwated There

were marginal cases in which the signal-to-noise ratio made the end product quant,ties unrertain. The

criteria used as the basis of judgement in such cases are discussed later in this report.

(2) Aircraft Movement

The airborne data could not all be taken in one placebecause the aircraft is a moving platform. Thus,

on some occasions, clouds overhead, patterns of lights on the ground, or the g!ow of cities and villages

caused distortions of the basic data which made the calculated end-oroduct quantities unusable(e.g., neg-

ative values). Some correction and smoothing of the basic data were readily possible. For example, light-

ning flashes (a common occ.urrencel are recognizable in the records and interpolation from adjacent data

was usually possible Occasionally, however, when the quantity being measured was changing rapidly,

the "settlinq time" of the photoelectric photometer was too great to permit reliable interpolations to be

made. Corresponaing effects sometimes occurred when a scanner swept across the moon or over an unus,

uaIlly bright light on the ground

(3) Temporal Changes in the Atmosphere

The data collt,ction sequences required considerable time, as detailed in the flight plans given in Sec-

tion 4. Tha movement of clouds high overhead, always difficult to see at night, was a frequent cause of

data which could not be usefully interpreted This was particularly true on moonlight flights when the up-

per clouds were scattered or broken On one occasion. Flight 100, a complete change in the weather oc-

curred. Fortunately, the lighting conditions wer. stable before and after the change so that the resulting

data formed two reliable sets. These sets are given in this report as Flights 1001 and 1001I.

No data were rendered unreliable due to in flight malfunction of the aircraft, the measuring equipment

it carried, or to imperfection of performance on the part of the Air Force flight crew or the scientific party.

Pr,' is.ion. Information pertinent to estimating the reproducibility (precision) of the data presented

here will be found throughout this report in descriptions of the apparatus, the flight procedures, the cali-

ations, the methods of data retduiction, and the weather conditions It will be no surprise that the funda-

mental sources of noise associated with photoelectric systems were more prominent in the measurements

made at night than in corresponding measurements by day. No single precision figure applies uniformly

throughout the data In fact, it is all but impossible to associate a meani.fuil precision figure with such

final quantities as path radiance, directiondl path reflectance terrain reflectance, etc , since these are

composite values derived from many interlocking measýrmenlts by various sensors whose own precision

differed from moment to moment depending upon light level at the photocathode. Precision is discussed in

more detaii lati in ths setion and bome best estimates are given.

Jcvuracr. Reliability of the data involves much more than the precision of the maasurements. Cor-

rectness of absolute values (accuracy) always depends upon the validity of calibrations and the qtability

of each measuring system with respect to its calibration. Accurate photoelectric measurements tural

lighting over enormous dynamic ranges is a difficult matter even when a single pho'otube is used, but the

problems are compounded when,, as in the case of the SHED LIGHT program, many separate phototubes
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were required, since all radi ometri c s ystorn, Iwhd to have closely ident 'cal spectral sensitivities ind comn
patible calibrations.

Phlototub1 Sch'vction. It is an inescapable fact that phototubes of the same make and model are not
created eqlualI To the contrary, it is probable that no two phototUbes are identical in all measurable re-
spects. Even the state-of-the-art phototubes used for Project S IlED LIGHT, procured under stringent specti

fications requiring careful selection by the manuiacturers were all significantly different. Each was
subjected to a long series of tests and further selection at the Visibility Laboratory. These tests ck~vised
over many years of work on airborne photoelectric measurement systems, explore many electrical charac-
teristics, including sensitivity, dark current, and noise. The spectral sensitivity of each tube and all its

electrical and mechanical properties was measured over wide ranges of temperature.

The characteristics of all photocathodes are temperature dependent in a comrplex inannei (Murray and
Manning, 1960, BoilIeau and Miller, 1967). The effect is not only a simple change of sensitivity with temn-

- ¶perature;, it is also a func*ton of wavelength For example, lowering the temperature of the cathode may
increase the sensitivity by 101. in the short wavelength part of the visible spectrum, while the sensitivity
in the long wavelength part of the spectrum is decreased by 50o It is essential,, therefore, that the photo-

tube cathode be mainrtai ned at a constant temperature. In each SHED LIGHT instrument a thermister badd
attached to the photocathode provided the input to an electronic servosystem which maintained the photo-
cathode temperature within ±0.5'C of a selected temperature by means of a thermoelectric heater/cooler
within the housing of the phototube

Microphonic properties of each phototube were measured. Their dynamic responses were also studied,
it is not uncommon to find otherwise closely identical tubes that differ in the times they require to return
to their normal sensitivity after receiving a burst of light. The light might be due to a lightning flash
somewhere in the night sky or to a scanner sweeping past the moon or over some bright light on the ground.
Long term drifts arid many other characteristics were measured until, finally, tubes were selected for spec-
ific instruments.

Final Calibrations. It is necessary to make the final absolute calibrations and, where possible, to
also make the final spectral sensitivity checks after the phototube has been Mounted in the appropriate
instrument. In every case the final radiometric calibration was performed on the entire instrument When
necessary, the filters were altered to make all spectral sensitivities conform with the standard chosen for

the whole system.

In-Flight Calibrations. Each SHED LIGHT phototube housing contained a highly stable, self-luminous.
radioactive button which served as a midrange radiance standard. Upon command, light from this button
was presented to the photocathode and all other light was blocked. Checks of absolute sensitivity could

be made in flight by means of this internal radiance standard. This was done at frequent intervals through-

out allI the in-flight measurement sequences, as shown by the charts in Section 4.

Stability of Calibrations. A full battery of the calibrations described above was performed on each of
the aircraft and ground station instruments immediately before the overseas deployments. They were re-
peated immediately after the equipment had returned to the Laboratory. It was heartening to find that no
significant changes in the shape of calibration curves had occurred. This was true in the case of both ex-
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pedittons to Thailiand in view of the frequent in-flight calibration checks made with the internal radio-

active radiance standards, there !s strong reason to believe that every system performed in accordance

with its Laboratory calibration at all times. Thus, from the standpoint of instrument calibration, the reli-

ability of the data is excellent.

Radiometric Standards. All of the radiometric data are reported in absolute units. The calibrations

upon which these numbers arebased made use of incandescent lamps calibrated in the Visibility Labora-

tory from several standard lamps purchased from the U. S. National Bureau of Standards. The techniques
and "quipments used for making these secondary standards and for eperati,•k! the incandescent standard

lamps purchased from the Bureau of Standards were developed with great care over a period of several

years. Every effort was made to make our standard lamp facility represent the latest state of the art.

In preparation for building the best possible facility for operating primary standard lamps and making

secondary standards, an experienced Visibility Laboratory engineer, thoroughly versed in the theory and
practice of lamp standardization, photometry, and radiometry, visited the National Bureau of Standards in

Washington, D. C. to observe the equipment and procedures used there. He then visited the corresponding
govemment standardizing laboratories of Canada, Great Britain, France, and Germany to learn firsthand the

techniques employed by those cointries as well. The lamp standardization facilities subsequently set up

at the Visibility Laboratory were based upon all this information. These facilities represent the best ones

presently achievable for visible spectrum radiometric calibration.

It is important to note that all radiometric caiibrations involved in the SHED LIGHT measurements were

based on incandescent standard lamps and attenuations by means of inverse square law techniques involv-

ing every precaution and refinement. Each SHED LIGHT instrument had absolute calibrations at a minimum

of five different light levels throughout its operating range and linearity checks at 0. i log intervals. The

reliability of the SHED LIGHT data is believed to be excellent with respect to both linearity and absolute

calibration.

Additional discussion of the SHED LIGHT data reliability is in Section 6.2.

SHED LIGHT DATA

Designers of SHED LIGHT electro-optical night vision devices need to know the optical signal avail-

able at the sensor. Two quantities are required. (1) the apparent contrast of the object of interest and

(2) the approximate apparent radiance of its background. These can be calculated from the data in this

report. Ideally, the data should be monochromatic and known throughout the spectral range of the sensor.

"The SHED LIGHT data are not monochromatic, but they are as narrow band as sensitivity constraints per-

mitted (see Fig. 1-4). They range from blue to very-near in.,ared. Illustrative examples of their use are in
Section 6.2.

The experimental procedures used to collect the data are based upon theory described in the following

section. A unifr system of mathematical notation is applied throughout this report, it has been de-

veloped with great care over many years and has been used in marny publications and reports. Some of

these reports are reproduced as Appendices A through E. A tabulation of the notation is given in the

glossary at the end of this report,
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2. Theory

2.1 CONTRAST TRANSMITTANCE

Contrast transmittance br(z,0,0) is defined as the ratio of the apparent contrast C,(z,0,6) to the in-
herent contrast C0(z,.0,6):

b~ r ( z , ) 0 , z O • / o Z , ,6 ) . (2 -1 )

The parenthetical modifiers indicate the altitude z of the sensor and the zenith angle 0 and azimuth 6
of the path of sight. The path length r in the directioi, uf the path of sight is between the altitude of the
target zt and the sensor altitude z. For the inherent contrast the path length is zero. The presubscript

b on the contrast transmittance b r(ZO,6) indicates background. The contrast transmittance is a function
of the inherent background radiance bNo(zt,O,)., the atmospheric beam transmittance T,(z,O), and the path

radiance N,(z,0,6) of the path of sight shown in Eq. 2-2 (refer to Appendix B Eq. 2.4 on p. 555):

br,(zio,Q) = 11 + Nr(z,0,6), bNo(z,,0,6)T,(z,0)- 1 (2-2)

2.2 DIRECTIONAL PATH REFLECTANCE

The concept of directional path reflectance (refer to Appendix D p. 3) is utilized in an alternate form
of Eq. 2-2,

hrr(Z,0,6) [1 t R'(z,O,6)/bRo(zt,Q,6)-' , (2-3)
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where 6R,,(zf,(,'5) is the directional background reflectance. By defilnition, the dire cctiona I path ref I:

tance is

R,(z,0, 6) N, N (z,0,()/H(z.,d) Tr(z,(), (2-4)

where H(z ,d) is the downwelling irradiance. We have chosen to present the atmospheric data in the form

of directional path reflectance since,, in this form, it can oe easily utilized with the directional reflectance

of a variety of backgrounds smaller in extent but different from the heterogeneous background which con-

tributed to the path radiance and downwelling irradiance. The directional path reflectance Is also the most

convenient form of presenting the atmospheric data for easy use to obtain contrast transmittance.

2.3 BACKGROUND REFLECTANCE

The inherent background reflectance is defined as

bR o(Z t,•,0, ) - N jz,,t),6 Y)'H (z,,d ) ,(2-5)

where H(z,,d) is the downwelling irradiance at the target altitude (refer to Appendix B, p 558 or Boileau

and Gordon, p. 805 (1966)). The inherent background reflectance may be obtained from either (1 ) a mea-

surement by a ground-based telephotometer t (refer to Section 7 and Appendix B), or (2) measurements by

an airborne telephotometer. In this report airborne telephotometer data from the lowest altitude of flight

not interpolated to ground level were used to obtain the terrain reflcctances reported in Section 6.3 for

each f ight.

2.4 DOWNWELLING IRRADIANCE

The irradiance used to compute the directional path reflectance R1(z.O,('1) and the airborne terrain re-

flectance is computed from data at the lowest altitude of flight by the equation

H(z,d) J N(z,0',6' ) cos)' dQ , (2-6)
2;7

where N(z,0',6') is the sky radiance at direction 0',6'. Using the same equation, the upwelling irradi-

ance H(z,u) is computed by replacing the sky radiances with apparent terrain radiances from the lower

hemisphere scanner. The 0' would then be the nadir angle so that cost)' is positive The albedo At z)

is the ratio of the upwelling to downwelling irradiance H(z,u)/H(z,d)

t Although the measurement, are r'diomet ie, a,1 , ,ppO ) d t(, ptnnetri' thle, intrunitm nt u,'d ti irre rrlr thI -

measurements is referred to herein as a "telephotometer" in lieu of the mnore pret'i term "tetlr,(hiome ter".

This is in keeping with the practice esitablished in previous pu)lica(llon s.
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A second type of irradiance is the scalar or nondirectional irradiance-

h(zd) - ] N(z,O',4'')dQ . (2-7)

The scalar irradiance is mnt weighted by the cosine. The upwelling irradiance from zenith angles between
90" and 180" is designated by h(zu) and computed by using Eq. 2-7 also. The total scalar irradiance is

is the sum of the upwelling and downwelling scalar irradiances h(z) = h(z,u) + h(z,d) The scalar albedo
is defined as the ratio of upwelling to downwelling scalar irradiance, h(z u)/h(z,d). For a full discussion
of scalar irradiance and scalar albedo uses refer to Appendix E.

2.5 BEAM TRANSMITTANCE

The beam transmittance T,(z,O) is obtained directly from the total scattering coefficient s(z) by means
of Eq. 2-8. (Refer also to Appendix C, p. 570). When there is no significant atmospheric absorption in the

passbands of the measurements,, e.g., from smoke, dust, or smog,, the attenuation coefficient a(z) is equiv-
alent to the scattering coefficient s(z). Therefore,

T lz,O) = EXP -"I a(z,)Ar EXP s(z , ) A r (2-8)

The incremental path length \r used was 30.5 m (100 ft). The measured total scattering coefficient data

were extrapolated to ground level by assuming an optical standard atmosphere, Duntley (1948), for the in-

terval between the lowest altitude of measurement and ground level:

s(0) = s(z) exp (z/9140 m) . (2-9)

Similarly, upward extrapolations were made to 1829 m (6000 ft) above ground level when the highest flight
altitude was less than 1829 m.

All altitudes reported herein are between ground level and 1524 m (5000 ft). For all paths of sight
at zenith angles 94 \r equals \z secO,, for these altitudes. The Ar is always nonnegative since \z

is defined as z, - z, (the subscripts increase with the flux direction). See Fig. 2-1.

z

""Fig. 2 1. Path ILength (;vonemtrýv
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For zenith angles 94", the beam transmittance can also be expressed as a function of the verorcal beam

transmittance T,(z,180) as follows:

T,(z,O) T,(z, 180)!sec01! (2-110)

2.6 EARTH CURVATURE

For the path of sight at 93" zenith angle, the \r for Nz - 30.5 m (100 ft) is 10% longer at ground level

than at 1524 m due to the curvature of the earth. Therefore, for this path of sight, the incremental path

length \r is computed from

\r +( +z1 )sin (0" +0-180')/sin(180'- 0) (2-11)

The C is the radius of the earth and 0" is the zenith angle for the upward path initiating at z from the op-

posite direction to the downward path at zenith angle 0. See Fig. 2-2.

0

Z 2!

z 2

0.

z

+ z

Fig. 2-2. Incremental path length Ar for near horizontal slant paths at paths of sight zenith angle 0.
Zenith angle 0" is the flux direction or the same path. The amgle 0" 1, not q(lual to 18 0c -0
due to the curvature of the earth.
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The zenith angle 0" is found by

sin0" (Az + 4 + z )/(C" + z 1 ) sin(180'- 0). (2-12)

2.7 PATH RADIANCE

Path radiance N*(z,0,q) for the downward-looking path of sight is the integration or summation of the
path function N.(z,0,,) weighted by the beam transmittance T, 1(z,0). Path length r, is from the incre-

mental path Ar to the sensor at z:

N,(z,0,;) = 1 N*(z 1,0,) Ti(z,O) Ar . (2-13)

(Refer to Appendix A, Eq. 17 on p. 502.) The path function N.(z,0,,O) is the product of the equilibrium
radiance Nq(Z,0,qO) and total scattering coefficient s(z,) [refer to Appendix A, Eq. 11 on p. 502, since

s(z) = 1/L(z)]:

N.(zi,0,() = Nq(z1 ,0,(5) s(z) . (2-14)

2.8 EQUILIBRIUM RADIANCE

The equilibrium radiance (refer to Appendix A, p. 502, and Appendix E, p. 15) is first computed from
the measurements made at each of the altitudes of level flight (at approximately 305 m 11000 ft] intervals)
and then interpolated and extrapolated to obtain values at each 30.5 m (100 ft) interval z,. To compute the

equilibrium radiance the following equation is used (refer to Appendix E, Eq. 16eon p. 16).

Sq(z,0,d)) f Nlz, o', f3') (2-15)
477 s(z)I

where N(z,0',O') is the apparent radiance of the sky, moon, or ground for direction 6' and ch'. The

ratio (zP')/s(z) is the proportional directional scattering coefficient at angle (3' and altitude z. The

(3' is .he angle between the path of sight at 0,(5 and the radiance at 0',(ý'. It is found by

cos/o' = sinO sin6 sin0' sin(h' + sin0 cosO sinO' cos6' + cos0 cos0' . (2-16)

eSince the moon radiance was included in the sky measurements, the separate term for the be,,lar irradiance of the
sun (or full moon) hI (the first term of the right memher of Eq. 16) reduces to zero. Etjiuion 1(i applies, quallý

well to real and model atmospheres.
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It is the scalar irradiance which designates the flux that enters into the computations of e(qti l ibr mI
radiance and path function when the directional radiances ,ire not known or used. It is the directionalhty

of that flux combined with the directionality of the volume scattering funcLion which produnc,,s the unit'IM

equilibrium radiance associated with each path of sight.

2.9 PROPORTIONAL DIRECTIONAL SCATTERING COEFFICIENT

The proportional directional scattering functi, , is found by combining the Rayleigh scattering compon

ent and the Mie scattering component:

Frr
o(z,() s(z) - R -S + M s(z) I• - s(z). (2-17)

"" L M IL s(z) K

The Rayleigh scattering coefficient sR(z) is computed from the values of Rayleigh volume scattering coef

ficient taken from Penndorf (1957) for 0 C sea level pressure at the mean wavelength of each passband

and corrected to ambient temperature and pressure by the ideal gas law equation Since the Rayleigh scat-

tering is a direct function of density,

Rs(z) z- Rs(O) P(z)/IT(z) 3.71 E 31 (2-18)

where P(z) is pressure in dynes cm- 2 ,, T(z) is temperature in degrees Kelvin,, and 3 71E 3* has units of

dynes cm- 2 GK- 1 and is the density at standard sea level pressure and O-C temperature times the universal

gas constant. The proportional directional scattering function for Rayleigh scattering Rl('(/') 'si is not a

function of altitude so the parenthetical modifier is not used; it is found by

R[,,(/3)isl (1 +cos 2 (3) 3'(16-) . (2-19)

The Mie scattering coefficient at measurement altitude z is the measured scattering coefficient minus the

Rayleigh coefficient computed from Eq. 2-18 above-

Ms(z) s(z) - Rs(z) . (2-20)

*The formi of 3 711E 3 1n, thv comiiputer %%,i% ot' nig 1 71 1. I) . l'hi, t,'inpuhtr rform i- u--,d thir','iih,,ui hii. i.pnrn

2-6



The Mie volume scattering function M I n(z, I?)/ s(z) ;is taken from a catalog of values derived from
data on photopic volume scattering functions published by Ujartfenva (1960) (refer to Appendix F) for a
range of total scattering coefficients from near Rayleigh atmosphere to heavy fog. The Barteneva volume
scattering functions show a good correlation with total scattering coefficient in (he range of scattering be-
low the limit for visual flight rules (6.2E-4/m). Good correlation is also shown for the Barteneva functions
with the ratio of directional scattering coefficients at scattering angles, /4 30' and 150'ý
lI ,er(z,30)1/niz,150)l I. Since reliable airborne data on volume scattering function were not available,
the total scattering coefficient for Filter 5 was assumed to be reasonably similar to the photopic coeffic-
ient and the selection from the Barteneva catalog made accordinglyl. The Mie volume scattering functions
thus selected were used for all five filters at that altitude.

t Voltiinr wuiiittritig lane! (illns we(re recordt-d tit Lop) luri imnd Kb irat during lie perioll tit 1(0 %ii~rv to 2 April W(M1tLy~
AI*CRI, 1wrsonnel ror wivelcngtlw of 47.5. 5111. 6610. sind] 745 nin. One AFVCHit station diiv. voirwini'jds willIEI
Imar;l'r ground %tiition No. 2.9 nnd two dotesý correspon(l with H igit s qi ji(Id f9. Thi AV(ifl~I ret iliivi. voltunt' .4iii-
terin flt aanct ion doit ii arv currnt ily beijn g vxtra ipol itked to /3 =- 0 nnd 13 $ 18 0 b~y vPiow ing l arte i~ev;C ,mito hi ii of
gra p hi ng vojl urni scat teri ng ruii tion v!; ca~f s 3nd . rintpiol t ii t he functif ,n to 83 it nd /nl13 1- isti. rhie I HI

r(tiiiavol urni rciettvring ftiiic~tions will then hue in! i~rii ii tiprowviilo a I a: itive s0) 11it1d he dlivi(Ila'cl thil h vii1lii
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3. Instrumentation

The scientific instrumentation utilized for the SHED LIGHTtask falls into three basic categories:

1) radiometric, (2) meteorological, anwl (3) control and communication. Each of these categories con-

tains several different types of iistrument systems. For convenience, all significant instrument systems

are tabuleted in Table 3-1. Each s ,stem and its peculiarities are discussed in the following paragraphs.

3.1 RADIOMETRIC SYSTEMS

A standardized radiometer has been developed by the Visibility Labratory and has been used as the

basic detector configuration of all eoject SHED LIGHT activities. A typical standardized radiometer con-

sists of five major assemblies, as noted in Table 3-1 and listed below.

1. Multiplier Phototube Assembly

2. Temperature Control Howi '.g Assembly

3. Optical Filter Assembly

4. Radiometer Measuring Circuit Assembly

5 Optical Collector Assembly

These assemblies are generally interchangeable, allowing easy field cannibalizat!on in the event of a cat-

astrophic failure of apr' assembly in a key system. All assemblies mate in pressure seals wh;ch allows

each section te be purge,: i-h dry nitrogen and maintained at approximately 5 psi positive pressure.
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Table 3-1. Project SHED LIGHT Instrumentation

I Radiometric

A. Multiplier Phototube Assembly

B. Temperature Control Housing Assembly

C. Optici Filter Assembly

D. Radiometer Measuring Circuit Assembly

E. Optical Collector Assembly

1. Automatic 2a Scanner Assembly

2. integrating Nephelometer Mode Selector He3d Subassembly

3. Dual Irradiometer Assembly

4. Large Aperture Telescope Assembly
5. Vertical Path Function Meter Assembly

I Meteorological

A. Royco Model 220 Particle Counter

B. Cambridge Model 137-C3 Aircraft Hygrometer System

C. AN/AMQ-17 Aerograph Set

D. Bourns Model 430/530 Absolute Pressure Transducer

E. Bourns Model 509 Differential Pressure Transducer

F. Bendix Model 566 Aspirated Hygrometer

G. Science Associates Windspeed and Direction Set

H. Taylor Model SMT-5-51 Aneroid Barometer

III Control and Communication

A. 27 Scanner Control Console

B. Photometer Temperature Control Panel

C. Optical Filter Control Panel

D. Ten Slide Photometer Module

E. Camera Control Panel

F. Flight Dynamics Display Panel

G. 42 Channel Data Logger

H. 20 Channel Data Logger

MULTIPLIER PHOTOTUBE ASSEMBLY

The basic detector in all these systems is a multiplier phototube. A typical assembly is illustrated in

Fig. 3-1. Several functions are performed by this assembly. The cylindrical aluminum slug acts as a me-

chanical support for the multiplier phototube, the emitter/follower circuit, the temperature control thermo-

stats, and an Isolite photometric standard source. The slug also acts as a thermal dashpot to aid in main-

taining 3 constant cathode temperature on the multiplier phototube.

Two types of multiplier phototubes were used during the SHED LIGHT program. The primary detector

was an EMR 541E fourteen-stage, end-on tube havinp S-20 spectral response. Nine assemblies contain-

ing the 541E tube were built for this program. The seconoo,,y deteCtor ,as an EM., 543C fourteen-stage,

end-on tube having an S-1 spectral response. Six assemb ies containing the "43 tube were built.

3-2

R



!-1

i.'g. 3-1. Typicali Multiplier Phototube Assembly

The thermostats which are mounted in this assembly are the control elements for the photometer tem-

perature control panel system listed in Table 3-1. These Philadelphia Scientific Glass Co. TM 802 mercury

column thermostats are selected to maintain the multiplier phototube assembly at 25'C for the 5-20 hous-

ings and at 10'C for the S-1 housings.

The Isolite photometric reference sources are mounted on this assembly to ensure their temperature

stability These sources utilize a K-85 gas exiter and a USRC-L-1614 phosphor. They generate approxi-

mately 1200 it as a luminous reference source. In some systems, the small amount of alpha radiation es-

caping from these sources generated an undesirable false signal in the detector circuit. In these cases

the substitution of a C-14 exciter was made This reduced the luminous output to about 8 lit but elimi-

nated the alpha radiation problems.

TEMPERATURE CONTROL HOUSING ASSEMBLY

The temperature control housing is illustrated in Fig. 3-2. This assembly mechanically surrounds the

multiplier phototube assembly and provides the heat pumping necessary for maintaining temperature sta-

bility, The active elements are Cambion model 3951 thermoelectric junctions. Two of these junctions Io-

cated symnetrically about the multiplier phototube assentmly ensure efficient thermal control. To optimize

thermal pumping in the high ambient temperatures anticipated during the SHED LlGHT mission, the outer

surface of the temperature contiol housing was finned and shrouded for for-.ed air-cooling. On Systems is-

signed to an airborne application the shroud is ducted to collect ram air induced by hthe velocity of the air-

craft. On systems assigned to ground-based applications, an alternate shro.d cottaining an integral muf-

fin fan is utilized.
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Fig. 3-2. 'l'emprpatur ('ontrol Housing Assembly

OPTICAL FILTER ASSEMBLY

A typical optical filter assembly is i:lustrated in Fig. 3-3. These filter changing mechanisms are de-

signed to mechanically and optically interface with all temperature control housings and optical collector

assemblies. Each is an electrically independent device which can, upon electrical command, interpose any

one of six optical filter holders into the optical path.

":or the SHED LIGHT missions, each of these filter changers contained four Baird-Atomic type B-3 visi-

ible spectrum interference filters, one UV rso;ection filter, and one memory reference system mirro,. The

type B-3 filters had center wavelengths of 475 nm, 515 nm, 660 rim, and 745 nm. A filter changer of this

type was assigned to each of the eight pi imary S-20 detector systems.
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An alternate filter changer, one with three filter holders, was assigned to each of the five secondary

S-1 detector systems. These assemblies are mechanically, electrically, and optically interchangeable with

the six-holder model. Each of these three-holder assemblies contains one visible rejection filter, one in-

active holder, and one memory reference system mirror.

The electrical control circuit for the filter holder carrying the memory system mirror is tht_ electrt-3i

inverse of those circuits controlling the optical filters. Thus whenever filter control system powpr is Aff,

the memory mirror automatically drops into place. This mirror completes the optical path between the

Isolite standard source and the multiplier phototube cathode, providing a constant-flux storage and stand-

by condition.

- !
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RADIOMETER MEASURING CIRCUIT ASSEMBLY

A standardized radiometer measuring circuit has been utilized with all systems described] in this sec

tion. It is a solid state package designed for use on the 28 vdc aircraft power It consists of three basic

subassemblies: a multiplier phototube and emitter follower stage, a high voltdge and readout section, and

a general purpose power supply. In the operational mode, all three subassemblies are linked in a clos(Kd

loop feedback circuit which servos the high voltage applied to the multiplier phototube. The feedback loop

maintains a constant anode current by inversely varying the high voltage with the flux incident at the

photocathode. A typical electrical schematic of the Visibility Laboratory model 5 photometer circuit is

illustrated in Fig. 3-4 and typical subassemb•ies are shown in Figs. 3-5 and 3-5A,

This particular circuit is readily adaptable for use with any multiplier phototuhe Anode currenit levels

and therefore basic radiometric sensitivity can be easily altered by changing only the anode load rest )r
i U
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Fig. 31-5. P~hotometer Slide Subassembly

1 --

Fig. 3l-1,%. 11hotomit-er Iltmer Supply
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For packaging convenience, nine high voltage and readout sections plus a single shared power supply

are grouped into a single module. This composite assembly is referred to in the Control and Communica-

tions Section as the ten slide photometer module. Two ten slide modules and 14 high voltage and readout

sections were provided for the SHED LIGHT activity.

OPTICAL COLLECTOR ASSEMBLY

Five basic collector assemblies were used in combination with the basic detector configurations de-

scribed in the preceding sections. The only major differences between the various radiometer svstems

described in this report are the differences in these five collector assemblies. The basic assemblies tab-

uleed in Table 3-1 are listed below for convenience.

1. Automatic 2-,7 Scanner Assembly

2 Integrating Nephelometer Mode Selector Head Subassembly

3. Dual Irradiometer Assembly

4. Large Aperture Telescope Assembly

5 Vertical Path Function Meter Assembly

These typical assemblies are described briefly below.

Automatic 2
7 Scann'er Assembl, (See Figs. 3-6 and 3-7.) This collector assembly is essentially a

small telescope that can be directed to optically scan any point within a 2-, steradian field of view. The

telescope itself has only a 5" field of view with an objective lens 9 5 mm in diampt-,•
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I ,. -7. 27. ' n InrIl'r -taillation for Lo,.vr hemrisphere Mea.surement

The telescýope subassembly is integrally mounted in an azimuth and elevation drive subassembly which
is remotely controlled by servo transmitter follower circuits The sweep pattern for the field of view is
determined by a s3lid state logic circuit contained in the 2-7 scanner control console. For the SHED LIGHT

mission the airborn'! scanners were directed to rotate ,n the azimuth at a constant rate of 360' per second.

The elevation drive simultaneously followed a variable rate ramp function. The resultant sweep pattern
covered a full 2- steradian in 32 seconds. An alternate scan rate was available for selection at the dis-
cretion of the system operator, This alternate scan covered the 27 steradian field in 160 seconds.

Since the 277 scanner azimuth and elevation drive subassembly is a slaved unit, it may also be driven
by manually controlled servo transmitters This enables the system operator to manually direct the point-
ing of the telescope line of sight at his discretion This option is also accomplished at the 27r scanner

control console

Four telescope and azimuth arid elevation drive subassemblies were built for this project mission

They are reasonably identical and can be readill, interchanged in the field. They interface mechanically
and optically with any of the optical filter assemb'ies discussed previously.

"Two of these 2,7 scanner assemblies are r~ormally mounted on the project aircraft. One is located on
the top of the fuselage for scanning the upper hemisphere radiance distributions and the other is located
on the bottom of the fuselage for scanning the lower hemisphere radiance distributions.

The two remaining automatic. 27- scanners are normally assigned to the prolect ground station. (See
Figs. 3-7A and 3 7B for ground station instrument setups.) In 'his application they may be oriented to scan

either upper hemisphere radiances or inherent terrain radiances at the discretion of the system operator.
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Integrating .\'(p/Je10m'Icr %lode .1c for bitIb'd Suha-u-,scnhibv. (See Figs. 3-8 and 3-9.) In older to mea-
sure and evaluate the total scattering coefficient of typical real aerosols, the Visibility Laboratory has
devised and built an irstrument referred to as an integrating nephelometer. This device measures the ra-
diant flux scattered from the well-defined flux beam of a high-inter sity projector. The scattered flux is
collected simultaneously through three different optical channels,, sorted, and routed to the detector as-
sembly for measurement.

The m'-de selector head is the Subassembly which collects, sorts, and identities this flux prior to its
arrival at the detector.

Fig. :,-8. Integrating \tphelonwter Aircraift Installation

h"g -~. latI-r.ai arig N,-Whalonit t.r M-1,ala. , ior h d~ai.zh
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The mode selector head contains thite opuical input channiels but only one optical output. A rotating

s Sifn -ubassembly allows the system operator to select any one input channel for optical coupling with

the output chdnnel, while simultaneously occulting the remaining two. The resultant time-sharing of a

single detector assembly yields a device optimized for ratio type measurements.

The two outermost input channels of the mode selector head are simple telescope subassemblies, while

the centrdlly located third is an irradiometer subassembly. The complete three channel collector is oriented

adjacent to the flux beam of the projector as illustrated in Fig. 3-10. In this orientation, one telescope

collects flux scattered from the beam at the forward scattering angle of 30', while the other collects flux

from the beam at the back scattering angle of 1500. The collection apertures are 4.79 cm in diameter and

the telescope has a 2' field of view. The irradiometer,, which is mechanically corrected to yield a nearly

cosine acceptance, collects flux scattered from the beam at all scattering angles between 50 and 170C.

Fig. 3-1O. Artist's Rendition of integrating Nephelometer '
From properly calibrated measurements of the scattered flux made through the two telescope channels. ]

one may derive a value for the directional scattering coefficient of the aerosol within the scattering

volume. -

In a similar manner, properly calibrated measurements of the scattered flux made through the irradi-

orneter channel yield values for the total scattering coefficient of the sample aerosol.

The details of the operational concept and calibration technique for this instrument are co~.red more

thoroughly in two separate memoranda currently being prepared for publication.

Two complete integrating nephelometer instruments were fabricated for the SHED LIGHT mission. Each

instrument was made up of two mode selector head subassemblies complete with detector and filter sub-

assemblies (one for the S-20 multiplier phototube, the other for the S-i multiplier phototube). one high-

intensity projector. and an ambient light shroud.
S3-12
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All four of the mode ýutector head subassemblies are idetittcal and interchangeablis The two pfolec-

tors and shrouds were customized according to whether they were for airborne or gaound-based operation.
See Fig. 3-11.

-i

Fig. 3-11. Air and Ground Nephelometer Shrouds

Dual Irradiometer Assembly. (See Figs. 3-12 ano 3-12A.) The dual irradiometer assembly is a two

channel irradiometer. It has two optical input channels but only one optical output A rotating prism sub-

assembly allows the system operator to select either input channel for optical coupling with the output

channel, while simultaneously occulting the other. The resultant time-sharing of a single detector assem-

bly yields a device optimized for ratio type measurements.

"The flat plate diffuse collector surfaces used in this assembly are mechanically corrected to yield a

cosine collection characteristic within ±2% for all angles of incidence between 00 and 800.

The dual irradiometer assembly is mounted in the airraft wingtip so that the flat plate collectors are

horizontal. In this configuration the upper channel receives radiant flux from the entire hemisphere above

the aircraft and the lower channel receives radiant flux from the entire hemisphere below the aircraft.

These measurements of downwelling and upwelling irradiance can be used both in the calculation of direc-

tional terrain reflectances and in inter-system data alidation checks.

Two dual irradiometer asser'bN-es were fabricated for the SHED LIGHT mission. Both were assigned to

the aircraft, one using an S-20 detector assembly and the other using an S-1 detector assembly.
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-~ Fig. 3-12. Duail IrrnkLtometer Assemb

Fig. 3-12A. Duttl Irradiorncter Instaillation
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Large Aperture Telosc'pwe Assotib'mhly. (See Fig. 3.13 ) This telescope assembly is used in the rad-
iometer system wh;ch functions as a backup system for measuring very low flux levels. The airborne Tele-
sccpe assembly has a 5" circular field of view and an objective lens 6.2 cm in diameter. With this larger
collection aperture, flux levels significantly lower than the detection threshold of the 2n scanner assem-
biy can be reached and adequately measured. The ground-based large aperture telescope field of view is
2' by 5'.

Fig. 3-13. Large Aperture Telescope Assemejy

Three large aperture telescope assemblies were fabricated for the SHED LIGHT mission. Two were as-
signed to the aircraft for monitoring apparent nadir terrain radiances. The third was assigned to the ground
station for measurement of inherent terrain radcar.ce.

Several special purpose ground-based frames and tripods were used with this radiometer. They were
primarily aids in making measurements of directional terrain reflectance, in all cases they were manually
operated de•;ces that functioned to ensure high reproducibi,. v in aiming the telescope optical axis. One
such device, referred to as the ground goniophotometer assembi., is illustrated in Fig. 3-14.

Vertical Path I'unction M.,eter Assembly. The vertical path function meter is a radiometer and shroud
assembly designed ,o measure the radiant flux scattered from a small, well-defined volume of aerosol. The
device is illustrated in Figs. 3-14A and 3-14B. Earlier models of airborne path function meters and their
utilization are referred to in Appendix A.

3-15
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F'ig. 3-14. Ground Goniophotometer Assembly

FiZ7.

f i.3-14A. Vertical Path Function Meter Installed Fig. 3-1413. Vertical 'lath Function N:eter Installed

on C-130 No. 5S022. This horizontal on C-1:10 No. .50022. This inclined

configuration is used in the detennina- c.onfiguraltion is used in the determina-

tion of horizontal attenuation !engths. tion of' inclined path radiances.
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The most significant feature of the current model is that its orientation can be ctianged during flight.

The scattering volume is 2.5 cm in diameter and 30.5 cm long. It is defined by ,th• cylindrically limited

field of view of the component telephotometer and the two tapered sunshades shown in the illustration.

The entire assembly can be rotated 180' in approximately 1 minute. When the aircraft is flying straight

and level, this plane of rotation is vertical. Measurements of path function can be made at zenith angles

between 00 and 1800 at azimuths corresponding to the aircraft heading.

The ability to make direct measurements of path function at inclired lines of sight during ascending

and descending daytime flight patterns is essential for validating the data processing technique used with

the rnighttime data packages.

3.2 METEOROLOGICAL SYSTEMS

All of the meteorological systems utilized in this project were purchased items. The operating char-

acteristics of each are available in their manufacturer's brochures. Only a summary of their main features

and characteristics are presented in this report.

The airborne meteorological package consists of one Royce model 220 particle counter, one Cambridge
model 137-C3 aircraft hygrometer system, one AN/AvW-17 aerograph set, and two Bourns aneroid pres-

sure transducers.

All the airborne meteorological transducers and sampling probes are located on an external fin which

"extends outward from the aircraft fuselage. The fin is loceted cn the right side of the aircraft and forward

of the propellers. It is illustrated in Fig. 3-15,
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The ground-based meteorological package war. less extensive, consisting only of one Royce model 220
particle counter (discussed in the followiiig paragraph), one Bendix model 566 aspirated hygrometer, one

Science Associates windspeed and direction set, and one Taylor model SMT-5-51 aneroid barometer.

AIRBORNE METEOROLOCICAL PACKAGE

Royco Model 230 Paflich, Counier. This device is used to determine the number and size of aerosol
particles which are present in a sample volume of air. To do this a controlled flow of air is passed through

a brightly-illuminated sampling chamber. The illuminated air sampl,3 is observed by a sensitive telepho-

tometer system. Whenever an aerosol particle passes through the chimber, it causes a burst of scattered

flix which is sensed by the telephotometar. This scattered flux is related to the particle size; with ade-

quate calibration, the device can therefore determine the number of particles per unit volume which pass

through the sampling chamber and their approximate size.

The size spectrum measurable with this device is somewhat variable at the discretion of the operator.

For the SHED LIGHT mission, both airborne and g'ound-based systems were calibrated to count particle

sizes occurring between 0.3/pm and 26.0 pm effective diameters. At the normal operating flow rate of 0.1
cubic foot of air per minute, satisfactory particle distributions were accumulated in 4-minute sampling

i•. .,Fvals.

The Royce system is the only major system used in this task which does not have its outl. t recorded

digitally on magnetic tape. Instead, the particie count is recorded on printed paper tape. As a result, the

Royce data is processed independently from the bulk of thie project raw data and is not included in the

automatic data processing technique discussed in Section 5. The Royce data is normally punched on IBM
cards and stored in this format until a demand for its further processing is levied. For this report, only

total particles per unit volume are listed. Size distribution information is being deferred for later
publication.

Two Royce systems were provided for this task. They are identical systems, wi ýh the exception of
their inlet plumbing. One system was assigned to the project aircraft for airborne measurements and the

other was assigned to the project ground station.

The airborne Royce system inlet plumbing is designed to pick up ram air outside the aircraft, route it

at low velocity to the system sensor subassembly, and dump the unused portion plus the system exhaust

outside the aircraft. The entire inlet, sample, and exhaust plumbing loop is sealed to prevent contamina-

tion of the outside aerosol sample with the pressurized cabin air. The airborne Royce system plumbing is

illustrated in Fig. 3-16. Also see Fig. 3-17 for airborne rack A.

The ground station Royco system is located immediately adjacent to the ground station integrating
nephelometer. The Royco inlet plumbing in this instance is simply a 15 cm piece of straight tubing which

connects the system inlet to the integrating nephelometer shroud. In this application, the Royce system

samples a portion of the same aerosol that passes through the nephelometer chamber,

Canbridge Model 137-C3 Aircraft Ilygrome r System. (See Fig. 3-17.) The Cambridge model 137-C3

hygrometer is a device used for determining the dewpoint of the aerosol surrounding an aircraft during

flight. The sensor for this device is located in a restricted flow chamber mounted outside the aircraft be-
neath the fin assembly and is illustrated in Fig. 3-18.

"The physical concept upon which the operation of this device is based is the chilled mirror. A thermo-

electric heat pump reduces thie temperature of the gold plated mirror until moisture from the ambient air

3-1
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Fig. S-6 Airborne Royco Plumbing

Laa
15,

Fig. 3-17. Rack A: Cambridge 137-C3 (Lower Right);
AN/AMQ-17 Aerograph Set (Lower Left);
Royco System (Top)
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flowing past it begins to condense on the mirrored surface. The photoelectric detection of this condensa-
tion is used as a contro; signal to the heat pump. A closed loop servo link is established so that the
temperature of the mirror surface is maintained at the nominal dewpoint. An integrally mounted platinum
resistance thermometer is used to measure the actual temperature of the m~rror. From this measure of the
dewpoint temperature and the air temperature, the calculation of aerosol relative humidity is direct and

straightforward.
A•'/•/AQ-l7 Aerogralh Sb., (See Fig. 3-17.) This aerograph set is a standard military inventory item.

Its operating characteristics and technical description are covered in USNAF TP-133. Its general function
is to automatically measure and record ambient temperature, pressure, and relative humidity in tvnical air-
borne applications. It is suitable for use on aircraft operating at flight speeds between 144 and 518

knots (74 and 267 m/sec) and at altitudes up to 67,000 feet (20 km).

"Fig. 1-1f. (',imbridge Mondel 137-C3 Probe, Housing

Bourns Model 430/530 Absolute Pressure Transducer. This transducer is an aneroid/potentiometer

device used to provide pressure altitude data. The static probe located on the meteorological fin is the
inlet. The transducer is calibrated over a range of 0 to 15 psia, with a static error band of ± 1.0% or ap-
proximately ±10 mb.

Bourns Model 509 Differential Pressure Transducer. This traisducer is an aneroid/potentiometer de-
vice used to provide indicated airspeed. The pitot and static probes located on the meteorological fin are
the inlets. The transducer is calibrated over a range of 0 to 5 psid.

GROUND-BASED METEOROLOGICAL PACKAGE

Bendix Model 566 Aspirated Hygrometer. This device is a handheld, batterv powered, self-aspirating,
wet/dry bulb thermometer. The operator wets the wick of the wet bulb thermometer and turns on the ducted
fan. When the wet and dry bulb thermometers stabilize, he reads the two temperatures and calculates dew-
point and relative humidity. Two of these devices were provided for this project. One is assigned to the
aircraft for ground checkout. The other is assigned to the ground station for data collection.

3



Science Associates Wind.,peed and Direction St. This battery powered device is assigned to the
ground station for determining local surface wind conditions. Data readings are manually recorded on a

standardized meteorological observation sheet.

Taylor Model S1'I"5-5) Aneroid Barometer. This handheld device is assigned to the ground station i
for determining local atmospheric pressure. It is temperatuie-compensated and adjustable for true ground

elevation. The dial face is calibrated in inches of mercury.

3.3 CONTROL AND COMMUNICATIONS

The control panels, consoles, data loggers, and other support facilities described in this section are

the backbone of the project instrunentation. Without them, all of the elegant and expensive transducers

described in Sections 3.1 and 3.2 would be, for all practical purposes, useless. Unless the assorted data

channels are properly selected and identified and unless these data-identifying analogs are accurately

logged, no information retrieval is possible from the mass of analog data presented to the logger.

AUTOMATIC 2n SCANNER CONTROL CONSOLE ,

There are two automatic 27n scanner control consoles associated with this project. One is assigned 5
to the aircraft system and the other to the ground station. In each case, their operational function is the

same: to power and direct the automatic 27r scanner azimuth and elevation drive subassemblies. How- j
ever, their internal designs and performance capabilities are quite different.

' The airborne scanner control console is illustrated in Fig. 3-19. It consists of six individual panels

mounted in the standard 19 inch rack B, plus a remote start/stop function located in the right control con-
sole. The component panels are: (1) scanner control panels, two each, (2) programmer control panel,
(3) programmer panel, and (4) gyro control panel. An alternate programmer panel is available for use in

] - the less sophisticated ground-based system. The functional description of each panel is outlined briefly

below.

Scanner Control Panels. As mentioned earlier the scanner azimuth and elevation drive subassembly
is essentially a simple servo follower; for each of the four scanner drive subassemblies there is an indi-
vidual demodulator and servo transmitter circuit. These circuits plus drive power distribution circuits are
located in each scanner control panel.

Programnmer Control Panel. In order to direct an automatic 2 7r scanner in any given direction, trans-
mitter instructions may be generated in either of two ways: (1) manually, via graduated hand operated
dials on the programmer control panel face, or (2) automatically, via tho solid state control circuits lo-
cated in the programmer panel. Selector switches for choosing either of these two control modes are
located on the programmer control panel. Transfer of the automatic mode start/stop control to the remote
panel in the right control console is also included on the programmer control panel. Sychronization of the
scanner search program with the 42 channel data logger is also accomplished through this control panel.

Programmer Panel. The actual automatic pattern that the scanner field of view traverses is established
by a solid state logic control array located in the programmer panel. In the early development stages of
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Fig. 3-19. Rack B: Automatic 2,7 Scanner Control Console, 1:

Scanner Control Pan,.ls, I & 2; Programmer Panel;

Gyro Control Panei; Power Distribution Panel;

Programmer Control Panel

i
)

the automatic 21 scanner assembly, there was a strong demand for a flexible, high speed pattern control

I assembly. The most appropriate technique available at the time involved the development of an in-house

design utilizing a standardized logic card and rack assembly available from Computer Control Co., Inc.

"The original pattern called for a full 21r steradian search plus reset in 32 seconds. The azimuth drive

was constant at 1 revolution per second. The elevation drive followed a variable rate ramp function. The
-elevation sequence was as follows:

Upper Hemisphere Lower Hemisphere

Azimuth Revolution A Elevation/Rev Zenith Angles Zenith Angles

0 through 12 1 920 to 80 880 to 1000

13 through 18 2.50 800 to 650 1000 to 1150
"19 through 31 50 650 to 0" 1150 to 1800,

32 Reset 00 to 920 1800 to 880

This scan rate was too fast for many night applications duo to the dynamic response characteristics of

the radiometer detector circuits (refer to Section 6). Consequently, a timing modification was inserted to

slow the entire routine down to one fifth its original speed. In this mode the full 2a steradian search.

plus reset, required 180 seconds with the azimuth sweep constant at 5 seconds per revolution. The selec-

tion of either scan rate is available to the operator via a rotary selector switch on the face of the pro-

grammer panel.
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Gyro Control Panel. All azimuth and elevation analogs generated by the 2 1r scanner orientation po-
tentiometers are related to the aircraft frame. If the aircraft is flying straight and level, all scanner orien-
tation data is relatively true. Aircraft bearing is recorded on the project data logger so that corrections
can be made duripg data processing for bearing variations during flight. However, since no corrections
are made for orientation errors induced by pitch or roll, a reliable monitoring of these maneuvers, if any,
was desirable. As a result, a Sperry system SP-40 vertical gyroscope was rigidly mounted to the floor of

Sthe aircraft directly below the upper hemisphere 2 
n scanner. Using this gyro as a vertical reference, air-

craft pitch and roll analogs were generated and fed to the 42 channel data logger. The erection and control

circuits required to drive and monitor the project gyro are contained in the gyro control pa~iel.

Auxiliary circuits related to the equilibrium radiance telephotometer, a system not utilized for the

night phases of this program, are included in both the gyro control panel and programmer control panel.

Ground-Based Programmer. The automatic 2 rr scanner control console assigned to the ground station
is not as sophisticated as the airborne unit. It consists of two scanner control panels, as in the airborne

system, and a simplified programmer panel,Ii
The ground-based programmer panel drives two automatic 21r scanners in either an automatic search

routine or a manually controlled search pattern. In the manual mode, the control dials drive servo trans-
mitters just as in the airborne system. However, in the automatic mode, the ground programmer is signifi-
cantly different from the airborne.

The ground programmer automatic mode does not use electronic control logic. It is an electromechan-
ical system using synchronous motors, cams, and cam followers as the pattern control elements. It is de-
signed to drive the 2nr scanners in a stylized search routine which requires 160 seconds to map a 2ir ster-
adian field of view. The azimuth drive is at a constant speed of 1 revolution per 12 seconds. Each

iJ ~ azimuth revolution is run -at a fixed elevation angle (zenith angle) in accordance with the-listing below._.

e program time is 120 seconds for pattern scan plus 24 seconds for reset.

Rev No. Elevation Angle Zenith Angle

1 2%0  8r'/20
2 7%0 82Y20
3 12½0 7 , 20

4 17r/21 72Y2 -)

5 22%0  67Y-20
6 27Y20 62Y" -
7 42½0 4V/, 0
8 571h° 32Y4-
I 9 72Y20 17Y2('

10 87Y20  2W½

This scan pattern has proved to be inadequate-as a general purpose routine. It was established to con.
centrate its data collection near the horizon. Since that time, more sophisticated data processing tech. A
niques have dictated the need for a-finer search grid; the scan pattern will be altered in the near future to
satisify this new requirement. j
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PHOTOMETER TEMPERITURE CONTROL PANEL

The photometer temperature control system consists of the temperature control housing discussed
briefly in Section 3.1, the temperature control thermostat also mentioned in Section 3.1, and the p.hotom-
eter temperature control panel illustrated in Fig. 3-20,

N .

............................. ..............

Fig. 3-20. Rack C: Photometer Temperature Control Panel, . ... .
Defroster Panel; Ten Slide Photometer Module; -

Nephelometer Power Supply g ; * * **

This panel is a 28 vdc power distribution and readout circuit. It is wired to control and monitor 14 in-
dependent temperature control systems. It contains the primary power switch and power distribution relays

for each system. These relays, under the automatic control of the temperature control thermostats, reverse
the flow of current through the circuit to either heat or col the inside of the temperature control housing.
The resultant temperature of the multiplier phototube cathode is monitored by a Yellow Springs Industry 44011
thermister bead which Is cemented directly upon the glass envelope of the tube.

The performance of each of the 14 available circuits controlled by this panel can be monitored in two
ways. The resistance of each thermistor bead can be read on the panel meter, which is calibrated in de-
grees Centigrade. Also, the current flow in each circuit is monitored by individual lights in both the heat
and cool legs. The alternate blinking of the indicator lights indicates proper circuit performance and at-

lows the operator to estimate the system duty cycle at each transducer location.

OPTICAL FILTER CONTROL PANEL

The optical filter control panel is illustrated in Fig. 3-21. It is a 28 vdc power distribution circuit al-

3-24 V
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lowing the ganged cont,-ol of up to 14 individual optical filter changers. The individual Mptical filter

changer assemblies were described in Section 3.1.

lF ig. 3-21. Visibility Studies Control Console Left and Right: Optical Filter Control Panel* Accessory Control

"Panel; Flight D)ynamics Display Panel; Camera Control Panel; Remote Scanner and Data Logger Control

A common selector switch in the center of the-panel simultaneously drives each of the activated filter

changing assemblies into the selector mode. All 14 circuits are individually switched so that any circuit

not activated, i.e., power off, leaves its associated filter changer in the power off, or -memory position".

- The system operator is able to interpose any one of six filter holders, and Its enclosed optical element,

into the optical path of any radiometer. The operational compromise in this system is that (d1 activated
filter changers follow the selector switch together. The only alternative condition is power off, In the

power off condition the memory flux mirror is automatically inserted into that system optical path-and the

radiometer is relegated to a standby status.

- are Each of the 14 individual circuits has its own verification light. In each-filter changing assembly there
are six micro switches which are mechanically actuated by the insertion of a filter holder into the optical
path. These switches are electrically "anded" with the selector switch and the verification light. Thus,

when a filter selection is made and the verification light comes on. the ope-ratorknows with certainty that

the optical filter he called for is in fact fully inserted into the optical path.

A supplementary wafer on the filter select switch generates an identifying dc voltage which is trans-
-~ I minted to the 42 channel data logger. In this way the radiometric-data can be recovered even if-the opera.

tor inadvertently calls for an optical filter in an incorrect sequence, or if he forgets to change filters be-

tween two successive data collection elements.

-3-25



IB:• TEN SLIDE PHOTOMETER MODULE

i ~ The ten slide photometer module is illustrated in Fig. 3-20. It is merely a standardized frame which

has been prewired to accept the radiometer high voltage and measuring circuits discussed in Section 3.1
and illustrated in Fig. 3-5.

i• The heavy-duty frame is designed feo, rack and panel disconnect of all component slide assemblies.

i i The first slide contains the power supply section. It drives up to nine individual radiometer high voltage

• and readout sections. Each of the nine remaining slides contains one high voltage and readout section.
I• Since for most project activities• only six to eight radiometers are ever on line at any given time, there is

;i• ~always at least one slide assembly on standby and available as• a spare. -

CAMERA CONTROL PANEL

i• This panel, illustrated as part of the right control console in Fig. 3-21, was not used during the night

i• phases of this project

'• : _•Its daytime function is to control and trigger the three project cameras. Normally there is an Automax
S~G-10 in each wingtip and a KSo17 Strike camera in the ramp. The cameras are for descriptive documenta-

i •tion oftetest evrnntonly. No photogrammetry is attempted.

'i -•-':FLIGHT DYNAMICS DISPLAY PANEL

i : "•It-is essential that the project scientific crew and the USAF flight crew are fully coordinated through-

i •out each data collection mission. To aid in this coordination, to minimize intercom chatter, and to help

S~prevent altitude disorientation of the project crew, several flight instruments have been located at the
-• project_ control console, This group of -instruments is referred to as the flight dynamics display, panel and

S~~is illustrated in Figs. 3-21 and 3-22.

TII

j The ten slide photometer modul-22. isoillutrted Aincaf Fig. 3-20.Itiserlyastndrizdrmewhc

a a3-26 i t .
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The panel contains the following instruments: (1) gyro magnetic compass indicetor, (2) airspeed in-
dicator, (3) altimeter, (4) artificial horizon, and (5) stopwatch and elapsed time clock. All project
f light instruments are completely independent of the aircraft flight instrument systems, except for the corn-
pass indicator which is linked to the aircraft system through a repeater and amplifier circuit.

t 42 CHANNEL DATA LOGGER

The heart of the airbt~rne data collection system is the data logger illustrated in Fig. 3-23. This sys-
tern is designed to accept up to 42 independent analog inputs. The input voltages are specified between
0.000 vdc anoi ±0.999 vdc. The system has three modes of operation: (1) normal, (2) calibrate, and

(3) manual.
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In the MANUAL mode the sytem works as a multi-input digital voltmeter (DVM). Selector buttons on

the front panel allow the operator to select any one of the 42 input channels for visual display. Upon se-
lecting a specific channel,, the channel identification number is displayed on a two-digit nixie display and
the digital value of the signal voltage on that channel is shown on a separate three-digit plus sigr nixie

display. In this mode, the operator can monitor the input signals at any time from each transducer system
for either calibration checks or troubleshooting.

The data logger also contains the project clock. Project time is displayed in six digits (hours, minutes,
and seccnds) on both the data logger panel and its remote panel in the right control console. Project tUme
may or may not be set at real time, according to the operator's selection.

The data logger provides synchronizing pulses to the 2rr scanner control console. These pulses permit
convenient remote control functions to be "ended" at the right control console and establish synchronous

data logging for improved data processing efficiencies.

Twelve thumbwheel potentiometers are available on the front panel for the insertion of fixed identifi-
cation data. This information is automatically recorded each time the tape is 3tarted.

20 CHANNEL DATA LOGGER

The ground-based date log'er is illustrated in Fig. 3-24. This incremental logger is less sophisticated
than the airborne system It accepts up to 20 independent analog signals. Its input DVM is manually ad-
justed to accept signals between 0.0000 vdc and ±-1.2000 vdc; however, the actual input analogs are iden-

tical with those in the airborne instrument systems.

i:i

Fig. 3-24. 20 Channel Data Logger
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This system has two modes of operation: (1) normal and (2) manual.

In the NORMAL mode the analog signals are measured, serialized, and recorded digitally on magnetic

tape. In this mode the system incrementally records channel by channel at about eight channels per sec-

ond. Once started, it cycles continuously through the channel sequence until manually stopped by the

operator.

In the MANUAL mode the system operates as a multi-input DVM. A manual channel selection is avail-

able with an associated nixie type display.

Project time is displayed on the logger front panel. It is normally synchronized with GMT, local, or,

when practical, airborne project time.

Ten thumbwheel potentiometers are available on the front panel for the insertion of fixed identifica-

tion data.

3.4 RADIOMETRIC CALIBRATION PROCEDURES

All the radiometers used in this project are calibrated in essentially the same manner. In each case
the system is calibrated by first determining its relative flux versus high voltage characteristics over the
anticipated operating span and second by establishing known absolute flux levels on this voltage curve.

The entire calibration procedure is conducted using standard photometric practices, a 3-meter optical
bench, and incandescent standards of luminous intensity traceable to the National Bureau of Standards.

The process of establishing the relative flux versus high voltage characteristic curve for each system
is simple and direct. The radiometer system is positioned on the optical bench and irradiated with flux
from a stabilized incandescent lamp. The mechanical and optical arrangement is such that the amount of

flux presented to the detector can be readily varied in increments of 0.10 log units. The mechanical con-

straints on positioning the movable iamp housing ensure compliance with the desired inverse square re.
lationship between lamp position and flux at the detector. Therefore, through an iterative process of re-
locating the lamp housing at a predetermined set of locations on the optical bench and recording the
resulting radiometer output signal, one can generate a set of data illustrating the system electrical re-
sponse to known changes of input radiance. This set of data is commonly referred to as the system

linearity calibration.

The linearity calibrations for all radiometers employed in the SHED LIGHT task extended over a rad.

iance span of 5 log cycles. The electrical circuitry was adjusted to yield an output signal which swung
from +250 mv to -1000 mv for this five decade swing in radiant input. The pseudo-logarithmic character-
istic of the radiometer measuring circuit results in a linearity calibration typified in Fig. 3-25.

3ince ii oas desirable to run these radiometers at maximum sensitivity, the linearity calibrations were

extended beyond the normally specified limits of system precision. Each system was forced to the point
where dark current considerations resulted in an uncertainty equivalent to 50% of the calibration incre-
mental .ast count; i.e., if a 0.10 log (26%) change in flux results in a 20 mv change in output signal, the

calibration cutoff point occurs when the uncertainty in the output signal reaches ± 10 my.

Due to the characteristic rolloff of the typical linearity calibration curve plus the dark current cutoff
specification, the overall system precision index is variable. This is a factor which must be well under.

stood by those involved in any final data analysis.
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Fig. 3-25. Typical Linearity Calibration Curve

For example, in the center of the span, readout uncertainties of ± I n:v are typical and linearity slopes
of 30 mv per 0.1 log change in flux are common. Thus a readout precision of ±0.003 log unit or t+1% of
the reading is typical. However, near the dark current cutoff, readout uncertaihties of ±10 mv are encoun-
tered with accompanying linearity slopes of 20 mv per 0.1 Ion ,hinge in flux. Under these conditions, a
readout precision of only ±0.050 log unit or ± 12% of the reaacig is achievable. Extreme caution must be

maintained in the evaluation of measurements made near the dark current cutoff.

Once the linearity calibration for the radiometer system has been established, a similar procedure is
followed to convert the calibration into absolute units. For this portion of the calibration sequence, an in-
candescent standard of luminous intensity is used as the flux source. Then absolute levels of irradiance
can be presented to the radioneter either directly or via a calibrated reflectance standard.

A typical dat2 sheet for tho absolute calibration of a SHED LIGHT radiometer is shown in Fig. 3-26.
Five different levels of input radiance are used in the determination of the ca;ibratiorn constant for the sys-
tem. The calibration constant is referred toas the zero scale value and is labeled ZSV on the cal-
ibration forms.
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Fig. 3-26. Typical Absolute Calibraton Form
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Nine determinations of the calibration constant are made during each calibration run. The average

value of the nino determinations is assumed to be the most probable value for the calibration constant.
Due to precision limitatiorts, stray light, and related procedural errors, typical standard deviations for the
calibration constant are on the order of ±5%. Table 3-2 illustrates the quality of typical calibration con-
stants associated with data tabulated in Section 6. It should be noted that the term standard deviation is
not rigorously c(.,rrect in this application since the calibration data set includes some obvious systematic
errors due to detector dynamic response as well as some procedural stray light errors. These systematic
errors are not removed from the calibration data and as a result the standard deviation of the calibration
constant determination represents a worst-case type of index.

Table 3-2. Calibration Con stants and Related Fra,-tional Standard Deviations (%)

FILTER 1 FILTERZ FILTER 3 FILTER 4 FILTER 5

Average S
Radiometer ZSv S zSv 3 zsv S ZSV S zsv Z for System

2n Scanner No. 1 2.32 E-7 ±6 2.28 E-7 z6 6.35 E-7 !2 1.12 E-6 ±5 7.06 E-8 13 t4

2v Scanner No. 3 1.72 E-7 !2 2.00 E-7 t*3 5.00 E.8 ±3 1 82 E-6 ±-3 5.10 E-8 ±4 03

2 nScanner No. 4 1.57 F 7 t±2 1.89 E-7 ±2 5.23 E-7 ±2 1.90 E.6 ±3 5.04S.8 ±5 -*3

Integrating Nephelometer No 1 4 67 E-7 ±10 6.42 E-8 ±10 1.19 E.,' +7 6,15 E-7 ±9 1.34 E-8 5 ± 8te

Integrating Nepheloneter No. 3 1.70 E-7 ±2 2.34 E-7 ±2 3.89 E-7 ±2 1.72 E-6 ±3 4.27 E-8 03 ±2

Dual Irradiometer No. 1 1.39 E7 i4 1.56 E-7 -4 2.83 E-7 :3 4.29 E-7 .3 2.81 E-8 0 :3
Large Aperture Telephotometer No. 1 9.01 E-9 -±4 1.17 E-8 ±5 2.09 E-8 ±4 5.46 E-8 -±2 2.87 E-9 t 4 i4

Large Aperture Telephotometer No 3 2.12 E-8 t4 2.23 E-8 t3 5.94 E-8 ±12 1.46 E-7 ±5 4 87 E-9 _±4 ±6

Obviously these procedural and precision uncertaintie3 are independent of the absolute accuracy of
the standard lamp calibration, which is assumed to bL ±3%.

At regular intervals during the calibration procedure the radiometer is automatically exposed to its in-
ternal reference source, i.e., Isolite standard of luminous intensity. Since this integral, exceptionally

stable source is always availible for reinspection by the radiometer during subsequent measurement ac-
tivities, the long term statility of the detector can be monitored and, when necessary, automatic ad-
j ustments to the calibration constant can be readily effected.I i
CALIBRATION CORRECTION FACTOR

The basic standard from which all these calibrations are derived is an incandescent lamp. Since this
lamp is supplied with its calibration in luminous units, a luminance-to-radiance conversion is required.

This unit conversion is applied to the calibration constant as a multiplicative factor of the form

F,= (3-1)
680 W!WA( A
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where

WA = Spectral emittance of the calibration source

(SXTX) = Spectral response of the standard detector

S= Photopic response of the eye

= Emmissivity of tungsten filament

The unit conversion factors applicable to the five spectral responses used during this project are tab-
ulated below in Table 3-3.,

Table 3-3. Unit Conversion Factors

Luminance-to-Radiance Factor (F )

Filter No. Spectral Band (Watts/Lumen)

1 475 nm 1.31 E-4

2 515 nm 1.97 E-4

3 660 nm 6.96 E-4
4 745 nm 8.37 E-4
5 S-20 2.11 E-3

The application of these luminance-to-radiance Conversion factors to the calibration data enables the

radiometer to be used as a direct reading device. This feature makes it simple for the operator to accom-

plish quick field evaluation of the measured data.

Once the measured data is returned to the Laboratory for processing, further adjustment factors are ap.

plied to yield the engineering units presented in this report.

SPECTRAL CORRECTION FACTOR

If all the photoelectric systems had precisely the same spectral sensitivities, there would be no re-

quirement for corrections beyond the conversion made by factor Ft., However, since there is a wide

latitude in the spectral characteristics of individual multiplier phototubes, small mismatches among sys-

tems remain even after extensive optical filtering.

The Visibility Laboratory procedure is to carefully measure the spectral sensitivity of each multiplier

phototube and then select groups of phototubes having similar spectral characteristics, Therefore the re-

quired spectral filtering is also similar. Even in these selected groups, there remain small differences in

the spectral sensitivity. These differences are then minimized by use of slightly different filters for each

tube so that, finally, all the photoelectric systems are closely matched in spectral sensitivity.
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This second factor, F 2 corrects the small remaining spectral difference between the response of any
given phototube and the standard response of the system for both the spectral distribution used during cal-
ibration and the spectral distribution of the final field targets. This factor, F2' is also applied to the ab-
solute calibration

~WX(SA T0A) zA 1W (.RAT,\) AX
F2x 1 (3-2)
XW (S T AX iW\fA(S,\TA)AA

where

fA SpectralI emittanco of tungsten lamp at some color temperature

WA-Spectral emittance of target in field

(SA TA) Standardized spectral response (Y- for photopic case)

(SA TAI Spectral response of individual system

Feei eadloesetrfic Lin lIxtirtons. when the S TA of a particular instrument is used as the standard SA\TA
tof frtw oxiipitlnwnt F , oc~ulai 1 0 for that instrument.

fbi ho winiew fimfte of the two f acCtors, F, and F. f or t he radiometr ic calIibrat ions i s equi va lent to us ing

r~~ v~ FW(AAA (3-3)
680.1W ( ATA .A I W (SA%) A A

Ili , Dlw thp~mutkal ominttaitco of the target in the field, WA depends upon the instrument being cal-
1111sitil fern io thts 101111 appents in the numerator and the denominator of the factor, the exact spetral -

rnfittiotimt idrmu itoi ined to he tined, A relative spectral cur've may be substituted sr ',;N as the same -

futtoltlo, i issoe foe hoilt numeorator and denominator. For the SHED LIGHT project a spectral em-ttance _

i-liove lit oiusm ftone Johnson, t' el ft1965) to approximate the nighttime sky,

COLOR BALANCE AND MEAN WAVELENGTH I

Color Isslauts in defined ats the radiance measure obtained when a sensor is measuring a spectrally4
nutdral radiatwo, Where a radiance NAo1wttr m-2 nm- Iis assumed. Color balance is then equiva-

f looti to Cho area undlir the relative spectral response curve-
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N I SA TNAAx. (3-4)

0

Mean wavelength is computed by the equation

v1A(S T,\) AA
(3-5)

!(S T,\) AA

The color balance or area under the spectral response curves and the mean wavelength for each
SHED LIGHT filter is presented in Table 3-4.

Table 3-4. Filter Color Balance and Mean Wavelength

Filter Color Balance (nm) Mean Wavelength (nm)

1 20.09 477.8
2 20.27 514.9

3 20.83 663.2

4 29.95 740.1
5 170.2 525.1

Conversion is made from units of watts m 2 to watts m 2 pm- and watts U-m to watts pm-

by dividing by the color balance and multiplying by 1000.

The normalized spectral response curves for the five cathode sensitivity-filter transmittance combina-
tions used in this project are shown in Fig. 1-4, which is repeated below.

I
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4. Data- Collection Methods
I

I!

During the field portion of this SHED LIGHT task. two independent activities were maintained simulta-
neously. The airborne instrument system was one activity and the ground-based instrument system was the

other. Although the basic concept of the experiment was built around the joint operation of these two sys-

tems in a highly coordinated and simultaneous measurement routine, the realities of weather and distance

forced an early modification to the plan. The compromise routine was for each system to run data collec-

tion sequences at every opportunity, on a nightly schedule. If weather permitted, simultaneous measure- I i

ments at the same test area were assigned top priority. If for any reason the joint sequences were aborted, ....

both systems were to automatically revert to independent operation. I -

4.'1 ARBORNE SYSTEM

The d.: collection sequence for the airborne system was broken into five standardized elements: I
(1) preflight warmup and calibration check, (2) straight and level sequences, (3) vertical profile se-

quences, (4) in-flight calibration checks, and (5) post-flight calibration check,

A typical mission sequence is illustrated in Fig. 4-1 and described chronologically below.
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Mission Sequence Typical Altitude

IPt i4 Iftiht ww~ialloqhgp tpnmn Operation.
-Old eijlifrnitioll Chock

2 IFnrry truim al~ginil dtslheu tp taft #red

4 S11igh ifdinv,~i tio At minimum project altitude

h it lin#iitt colitainF-ghnotk Clwihb-tri minimum-attitode t 1000 ft-

0 tu ilghi andi loov"tt --lene-At-Mii#imum attitude ± 1000 ft
I tw0,4iht calilvtloto Piki %tifi-bf to hiffifim-attitwde 1'-2000-11- -

ii tu~~ii~ti aut Piv~ iu~~At-minimmiji #ltitude + 2000 f t- -- -

i 111 fil"ght -I~l~itnkclimb to minimum attituide + 3000 ft

Wi~~~ _jagt~iiut~u~in-At-miiiumum altitude ±3000- ft

II lIliglit1 eh~tif Woli Clift, lo-mitilmum altitude +-4000 ft--

Sisioit~t vPZU "_ _-At miniffum altitude-+ 4000:ft -_

fit,19 H jrI1 W too!1j 40lm"o iimmatiue+ 0f

14 Olf,11114 and lWVnlAit"OWAlm hallle + 5000ft F
-- l0 j-l"ight t l

W0 verfloot proffle -Descending atlSOO0 ft/min-to! mninirnuti altitude

1-1 In-f light ~tbal~c~ --
15. Vertical profile -Ascendin Mt-10 -ft/mm to ifnimumaltituide-± 5000 ftL -

1M In-flight calibrAtion cheeii

20, Vertical profile D0e~scending at-1500 ft/min-to minimum altitude
21. In-flight calibration check-

22. Vertical profile Ascending at -1000 ft/mmn to niinimum-altitude +5000 ft

23. In-flight calibration check

24. Vertical profile Descending at 1500 ft/mmn to minimum altitude

25. In-flight calibration check
26. Post-f light calibration check

27. Ferry from test area to staging airbase
28. Termination_

The total elapsed time required for completion of items 3 through 26 was normally 2 hours and 30 min-
futes. In special situations where faster scan rates were approprfiate, the elapsed time could be reduced-to

1 hour and 10 minutes.
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PREFLIGHT WARMUP AND CALIBRATION CHECK

Just as the air crew must make a preflight check of the aircraft in order to ensure a successful mission,

so must the scientific party "preflight" the technical equipment. During this technical preflight, which

begins about 2 hours before takeoff, several activities must occur. (i) External protective covers are re-

moved from all transducers and probes. Each external appurtenance is checked for visible signs of damage

or contamination. (2) All electrical circuits are energized and test sequences are run to ensure proper

operation of drive and control circuits. (3) All transducer circuits are energized and quiescent signals

checked and evaluated for normal ground level readings. (4) Data logger multiplexing, A/D conversion,

and tape transport operation are verified. (5) Flight plan details and alternate site selections are con-

firmed with USAF flight crew.

A primary consideration during the preflight phase is the temperature stabilization of the various mul-

tiplier phototube systems. If the aircraft has been subjected to high daytime temperatures during the in-

terval preceding the proposed flight, the dark currents in the detectors will be at relatively high levels.

Although only 20 or 30 minutes is required for the thermoelectric heat pumps to stabilize the multiplier

phototubes at their control temperatures, approximately 60 minutes at the control temperature is required

before the detector dark currents have stabilized adequately to begin reliable data collection. For this

reason, temperature stabilization is always achieved prior to takeoff. This preflight stabilization allows

the system to be ready for data collection immediately upon arrival at the test area, regardless of the dur-

ation of the ferry flight.

IN-FLIGHT CALIBRATION CHECKS

Probably the single most important feature of the airborne radiometer systems is the internal calibra-

tion source which is built into each detector assembly. Through the use of this source, a regularly sched-

uled monitoring of the detector radiant sensitivity is easily accomplished. At the turn of a switch on the

filter control panel, each radiometer optical path is interrupted by a memory mirror and radiant flux from

its Isolite source is routed to the detector. The detector response to this "memory flux" should be stable

and repeatable throughout the mission. Assuming no optical, electrical, or mechanical malfunction, any

variation in a radiometer response to its "memory flux" may be attributed to a shift in systeem radiant sen-

sitivity. Since the "memory flux" response for each radiometer is also recorded during the radiometer

absolute calibration sequence, the calibration constant can be updated to compensate for any moderate

drift in the system radiant sensitivity,

In order to maintain control of data quality, all radiometer systems have their "memory flux" responses

monitored at regular intervals, During the airborne data collection profiles, a special block of "memory

flux" response is recorded before and after every major profile element, i.e., straight and level sequences

and/or vertical profile ascents and descents.

In addition to the "memory" calibration check, a second in-flight calibration is regularly employed.

The integrating nephelometer designed and built for this project is calibrated Ly inserting a well-defined

reflecting surface into the projector flux beam and measuring the amount of flux reflected back into the de-

tector irradiometer channel. This calibration scheme is devised to accomplish two procedural goals. First,

it allows the Integrating nephelometer to functi.,n as a ratio measiring device, independent of absolute

radiometric calibration. This implies operation at an accuracy equivalent to the precision level of the lin-

earity calibration. Second, it offers a method of indirectly monitoring the stability of the projector output.

The more stable the projector output, the less often a calibration is required. However, since this nephe-
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lometer is a direct flow device, the projector lens is exposed to the sample aerosol flowing through the in-

strument, There is no guarantee that the projector output will not be attenuated by a contamination of-the

leiis surface. Therefore a regular calibration check is desirable. Durifng-te ai•r-ndata col lction -

a special block of nephelomoter calibration response is recorded befbre-and-after evfary vertical pro-

Immediately preceding the first "memory" calibration, a special muqtiplex inpit bmair •-is a siht

the data loggerv This "Ait D calibration" board applies internally generated, predetermiead, ecraibratedidc

S irtages hoeach ofi the 42 data logger input channelsp r A 32 second b al evel t sequences rauld e -,

-voltages is recordud. Trais information allows subsequent data processing rouintes a theck for and correc -Fig•i ~ ~anV-variations in-the-AiD converter operations. - - ` 'p

.i ~~~STRAIGHT -AND--LEVE:L SEQUENCES -••:• •/ %

• During- each straight and level element of the data collection selquenCe~the-pilot maintairns- a-traight--

Sand level flight attitude at a maximum indicated .9irspeed of 150 knots If weather and tefrai-np-ernit,_-the__ - -•

-• aircraft -heading is established crosswind. The ideal pattern for the straight and level sequences would-r-e• - =

} suit-in-all six ground-•tracks failing on a single line-between the initial point and the turn point. See -Fig. -

-4-1,; The six straight and level elements are actually stacked in a vertical slab of atmosphere apDroxi-

mately 30 miles long, 0.5 mile wide, and 1 mile high, {
While the aircraft is traversing the approximately 15-minute long straight-and-level element, the follow-

ing-types of data collection occur.

1. Automatic 2r7 scanners map upper and lower hemisphere radiance distributions. Complete

radiance maps of both hemispheres are sequentially completed in-five spectral bands. - - - I

2. Integrating nephelometer measures the total scattering coefficieht and directional-scattering

coefficients at P30C and ,81501. All three measurements are s•euentially completed inr-five-

spectral-bands.

3. Dual irradiometer measures the total upwelliig and total downwelling irradiance. Both up-

welling and downwelling measurements are sequentially completed in five spectral bands. - V

4. Large aperture telephotometer measures apparent nadir terrain radiance. This measurement :

is also made sequentially in five spectral bands.-

5. Royce particle counter runs a standard 4-minute accumulation cycle and automatically prints

out the accumulated particle distribution. ,

6. Peripheral data are recorded continuously, These data include airspeed, pitch, roll, altitude,

outside temperature, outside pressure, outside dewpoint temperature, control panel selector

settings, and project time.

VERTICAL PROFILE SEQUENCES -

During each vertical profile element of the data collection sequence the pilot maintains an approxi-

mately level attitude, a straight heading, a maximum indicated airspeed of 150 knots, and an average rate

of descent or ascent of 1000 ft per minute, Five vertical profile elements are run during each data collec-

ti-on sequence. These elements are conducted in the same vertical slab of atmosphere that was defined by

-thezpreceding-six straight and level elements.
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M--WIhile the aircraft is traversinig the a•.rt. rimatly 6-minutte lonq climb or descont leg, the following

Wpe~s of data collection occur.

- I. intenrating nephelometer measures total scattering coefficient only. Each ascent and descent

-is r-s lntinuesiy from top to Wottorn in the same spectral band in order not to miss the fine
structure in the-scattering coefficie, t-versus altitude profile, Thus a complete 5000 ft .imb
-or descent-is required for the measurement in each of the five spectral bands.

.:4- 2. Dual irradiometer measures total upwelling irradiance only. The selection of spectral bands

•_•_•. is matched with the integrating nephelometer.

3.-Large aperture telephotometer monitors apparent nadir terrain radiance. These measurements
are-for control and intercomparison only. The selection of spectral bands is matched with

-the integrating nophelometer.

_4 4. Peripheral data-are recorded continuously. These data are the same as during the straight

-and level sequences.

POST-FItGHT CALIBRATION CHECK

Immediately following the last "memory," calibration and just before terminating the data collection

sequence, the "A/D calibration" multiplex input board is again inserted into tha data logger. Another
32 second block of "A/D calibration" voltages is recorded. The combined preflight and post-flight "A/D
calibration" -data provide reliable insight into data logger performance throughout the data collection se-

-- - quence. This performance is continuously monitored throughout the entire data collection sequence via
several-selected -AiD ca/ibration" -voltages which are hard-wired into the data multiplex array.

- FLIGHT-PLANNING

The general mission plan was to perform several standard data collection profiles over each of the pre-
selected ground sites, under both moonlight and -starlight conditions, during both wet and dry monsoon con-

•- -ditions. There were three different ground sites, each chosen for its particularly unique terrain and mete- . -

orological characteristics. -

The three geographic areas were: (1) the inland and relatively high Khorat plateau, (2) the lower delta '

regions near Lop Buri, and (3) the southern seacoast-in the vicinity of Rayong. The several listings of
data flights, contained in Section 6, illustrate the degree of success attained in fulfilling the general plan.

During every mission, top priority was given to those systems esaenti al for the rec-ovary of beam trans-

mission and path radiance data. Thus the primary systems used were the integrating nephelometer and the
-upper and lower hemisphere scanners. - All other systems were-either peripheral or backup and were there-

fore 7ubject to cannibalization or abandonment in the event of any malfunction which affected a primary
system.

-II
4.2 13ROUND-i1ASlED SYST6M1...•

The-ground-based data collection sequence was designed to supplement the-airborne data- whenever the
aircraft was operating in the immediate vicinity. However, it was also c6mrptete enough to stand-alone

•-: when the aircraft mission wasdiverted or aborted. -
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The ground-based instrument system has several operational responsibilities. First, it must supply a f

ground level data base to allow interpojation of various measurements between ground altitude and the

lowest attainable aircraft altitude. Second, it must supply long term temporal sampling of those meteoro-

f logical and radiometric quantities which relate to the project task. The ground station has run several

24-hour data sequences to monitor temporal variations in particle concentrations and scattering coeffi-

cients. This long term continuous measurement capability may in fact be the most significant capability

' i inherent in the 3ystem. Third, the ground system serves as a spare parts and repair facility for the entire

air'ground operation. In the event of a catastrophic failure in a primary airborne instrument or assembly,

the equivalent piece of instrumentation is reassigned to the aircraft from the ground-based system. The -

aircraft can then return to service with a minimum of "down time" and repairs can be accomplished under

the more convenient ground station conditions.j

DATA COLLECf ION SEQUENCE

The ground-based system was assigned three radiometer systems, three meteorological instruments, a

Royco particle counter system, and communications equipment. The ground-based data collection sequence

is not as automatic as the airborne sequence, but is otherwise quite similar. However, there is a basic

difference in priorities. During each ground-based data sequence, top priority wasgiven to those systems

essential for the recovery of inherent background radiances. Consequently the primary systems used were

the large aperture telephotometer and the automatic 2n7 scanner.

Iiie ground-based data collection sequence was broken into five standardized elements: (1) warmup

and calibration check, (2) 27r scantier data set, (3) integrating nephelometer data set, (4) large apar-

ture telephotometer data set, and (5) Royco particle counter and meteorological data set.
'i, ~A typical data collection sequence involving items 2, 3, 4, and b in the preceding paragraph required• •'

approximately 1 hour and 30 minutes elapsed time.

During each of the ground-based standard data elements the following type activities occur.

Warmup and Calibration Check. Since the radiometric systems at the ground station are identical with

those on the aircraft, a similIar warmup and cal ibration check i s essential. Approximately 2 hours prior to
the anticipated data collection interval, a ground station "preflight" is initiated as follows. (1) All ex-

ternal protective covers are removed and each device is checked gor visible signs of damage or contamina-

tion. (2) All electrical circuits are energized and test sequences run. (3) All transducer circuits are

energized and quiescent signal levels checked. And (4) Data logger multiplexing, A/D conversion, and

tape transport operation are verified.

27, Scanner Data Set. The ground-based 2;7 scanner is mounted on a swivel-head tripod on the top of

the ground system enclosure. In this configuration it can be manually oriented to scan either the upper

hemisphere sky or the lower hemisphere terrain. When the scanner is oriented in the inverted position so
that it is scanning the lower hemisphere,, its field of view is obviously occulted by the tripod and enclo-LS
sure. However, for many applications, the terrain view angles of greatest interest are those with zenith I

angles between 900 and 1200. In these cases, the inverted scanner clear field of view is adequate.

For a 27r scanner data set, the scanner is first oriented to map the upper hemisphere sky radiance. A

complete radiance map is sequentially completed in five spectral bands. Following these five sky maps,

the scanner is inverted and oriented to map the lower hemisphere terrain radiance. A complete radiance
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map is sequentially completed in five spectral bands.

Immediately prior to and following each radiance map, the scanner is directed to monitor its internal

"memory flux" ant. a "'memory" calibration is recorded on the data tape. In this manner, as in the air-
borne system, a tight control is maintained over data quality.

Since each 2n scanner map takes 2/2 minutes elapsed time for completion (and we run a total of ten),
the total 27 scanner data set takes a minimum of 30 minutes to complete.

J
I Integrating NepIelometer Data Set. The ground-based integrating nephelometer is the optical equiva-

lent of the airborne system. The only differences are in the projector lamps and in the ambient light

shrouds, Operationally they are identical. The detector assemblies are completely interchangeable. The
ground shroud is iJtrger than the airborne, allowing more efficient interior stray light control. It is also
exhaust-fan ventilated through trapped inlet and exhaust ports, allowing continuous operation during both
daylight and nighttime ambient illumination levels.

For an integrating nephelometer data set, the sequence of events is as follows. (1) "Memory flux"'
and calibration reflected flux valuas are measured and recorded. (2) The irradiometer channel is selected
and the scattered-flux measurement representing total scattering coefficient is recorded. (3) The /330 ra-
diometer channel is selected and the scattered flux measurement representing the directional scattering
coefficient at 300 is recorded. (4) The /1150 radiometer channel is selected and the scattered flux mea-

surement representing the directional scattering .oefficient at 150' is recorded. And (5) "'memot . fiux"
and calibration reflected flux values are again measured and recorded.

The five step sequence described in the preceding paragraph is repeated five times, once in each of
the five spectral bands under investigation. Ten seconds of recording time is allotted to each measure-
ment. Thus approximately 1 minute elapsed-time per spectral band is required for a total of about 5
minutes for the complete set. Switching and control activities generally inflate the necessary elapsed

"time to about 7 or 8 mindtes for an integrating nephelometer data set.

4 iThe ground-based Royco particle counter draws its aerosol sample from inside the integrating nephel-
"ometer shroud. As a result the two systems produce a large data set of closely coupled measurements
relating optical scattering coefficients and particulate particle counts.

Large Aperture Telepho~ometer Data Set. The large aperture telephotometer assigned to the ground
station is a multipurpose device which is used in a variety of configurations. Its primary aim is to guar-
antee the acquisition of reliable inherent terrain radiance data under the most severe low flux conditions.

The large aperture telephotometer is generally used as the detector assembly on a large swinging arm
goniophotometer, or as a scanning telephotometer on a panhead tripod. Both schemes are devised to yield

inherent terrain radiance data.

In the goniophoto~neter configuration, the assembly is devised so that the telepho',ometer optical line
of sight is directed downward toward the target -terrain. The line of sight is rotated vertically about the
Qround intercept so that the zenith angle of the line of sight swings between 920 (nearly horizontal) and

1800 (vertically downward!. The terrain radiance at-the ground-intercept is measured at several predeter-
mined zenith angles. For this project the selected angles were 930, 950 1000, 1050, 1200, 135°. and 1800.

The goniophotometer frame allows the line of sight to swing through the vertical so that zenith angles

on pairs of reciprocal azimuths can be covered with one setup. The normal azimuthal orientations are par-
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allel to and at right angles to the lunar azimuth. The ground intercept for a zenith angle of 180' is rectan-

gular (30.5 cm x 61 cm) and is the center point of the target area in all orientations.

In the tripod configuration, the telephotometer optical line of sight can be pointed in any direction.

Normally the same zenith angle and azimuth orientations are used in this configuration as in the gonio-

photometer configuration. The basic difference is that in the tripod configuration the center of the target

area is different in each new orientation. Also, due to the difference in optical lever arms involved, the

rectangular intercept is much smaller than for the gonio configuration. The advantage of the tripod con-

figuration is its ease of portability. It can be located anywhere within 35 meters of the ground enclosure

and picked up and moved by one man.

For a large aperture telephotometer data set the following sequence of events ,akes place. (1) The in-
ternal "memory flux" is monitored and recorded and (2) the optical line of sight is set to zenith angle

180'. A calibration target is inserted into the line of sight and its radiance measured and recorded. The

calibration target is a flat plywood panel, 91.5 cm x 91.5 cm, painted with 3M Series 100 velvet coat-

ing white, No. 100-A10. (3) At each of the seven desired zenith angles the optical line of sight is oriented

and the terrain radiance is measured and recorded. (4) The calibration target measuremmnt is repeated and

the "memory flux'" is remonitored and recorded.

The four steps above are repeated in each of the five spectral bands and in each of the four cardinal

azimuths. All azimuths are relative to the lunar azimuth.

Royco Parlicle Counter and Meteorological Data Set. The Royco particle counter is fortunately an

automatic system. Once the operator selects the accumulation interval,, the device can be set to accumu-

late and print out at regular sample intervals without further attention.

The ground-based Royco system was set up to accumulate particle counts for 10 minutes. After this

interval it printed out the cumulative count per channel, cleared its memory,, and immediately began a new

10-minute accumulation. This sample rate continued throughout the entire mission time of approximately

4 hours. At selected sites, the Royco system was allowed to run for 24 hours.

At the beginning and end of each mission., during the later deployments, standardized measurements of

wet and dry bulb temperature,, atmospheric pressure, and surface windspeed and direction were taken and

recorded.

Irradiometer Attachments. Total downwelling irradiance is always a highly desired measurable in any

field situation. Frequently the quantity is not only used alone as flux level monitoring parameter but is

also used in ratio with some other measured radiance to calculate a reflectance value.

All of the radiometer telescopes used in the Visibility Laboratory field systems are provided with man-'

ually fitted irradiometer attachments. The same detector system can then be used to make measurements I
of both the total downwelling irradiance upon a surface and the directional radiance reflected from the sur-

face. These joint measurements combine into reflectance values with an accuracy that approaches the

precision level of the detector readout. The standard irradiometer cap attachment is illustrated in Fig. 4-2.
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Fig. 4-2. Ifradiometer Cap

In a typical ground-based data sequence, the cap is attached to the 2v scanner before and after each

upper hemisphere radiance rrap is completed. This provides a convenient calculative check, inasmuch as
the proper integration of the 21r scanner upper hemisphere radiance data should yield the same value of

downwelling irradiance as the measurement when using the irradiometer attachment. More important, the

irradiumeter cap is used to obtain simultaneous measurements when the large aperture telephotometer is
in operation.

The irradiometer attachment is also used in conjunction with the large aperture telephotometer, Before
and after each set of directional terrain radiance measurements the large aperture telephotometer is orient-

ed vertically arMl the irradiometer cap attached to its sunshade. In this configuration the telephotometer
can measure a total downwelling irradiance immediately applicable to its directional radiance measure-

ments, yielding highly reliable directional reflectance data.
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5. Data Processing

:i ' i

As in any reasonably complex, multi-input sample data system, there is a large amournt of data han-
dling required before the scientific analyst ever sees the package. The degree of sophistication utilized

for this portion of Project SHED LIGHT data is illustrated in Fig. F-1. In this generalized flow chart, the

step-by-step processing of the raw field data is illustrated for the convenience of oroject organization and

control and does not include the details of the actual computer programming. -I
The airborne data and ground-based data are processed separately as illustrated in the data flow

schedule. There are two primary reasons for this approach. First, the recording format of the two data
loggers is significantly different. Second, each data collection sequence, airborne and ground.based, is

considered to be a completely independent activity and therefore must be reduced to usable format in the 1

most direct manner possible.

5.1 AIRBORNE DATA

As noted in Table 5-1 several classes of data are recorded during an airborne data set (1) radiometer ZZU
outputs, (2) selector control codes, (3) transducer orientation and flight attitude signals- and (4) cauibra-

tion voltages, etc. All systems, regardless of type have been designed for an electrical output between I
0 and ± 1 vdc for full scale. The data logger has a least count of ± 1 mv and records in digital format at a

multiplex rate of 240 samples per second and a tape rate of 200 bits per inch (bpi) and 3.56 inches per
second. :•
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Table 5-1. Airborne Data Classifications

Analog Input Signal Samples
Channel Class Per Sec Item Description

1 R 60 Upper Hemisphere Radiance
2 O/C 15 Upper Hemisphere 2

fi Scanner Azimuth
3 O/C 3 Upper Hemisphere 27r Scanner Elevation
4 R 60 Lower Hemisphere Radiance
5 O/C 15 Lower Hemisphere 2 n Scanner Azimuth
5 0' /C 3 Lower Hemisphere 2 n Scanner Elevation
7 R 2 Irradiance, Left Dual
8 R 2 Irradiance, Right Dual
9 K 2 Calibration Reference

10 R 4 Integrating Nephelometer (right)
11 K 4 Integrating Nephelometer (left)
12 R 4 Nadir Radiance (aft)
13 K 4 Calibration Reference
14 M 1 ANIAMQ-17 Relative Humidity
15 K 2 Calibration Reference
16 K 2 Calibration Reference
17 K 2 Calibration Reference
18 K 2 Calibration Reference
19 K 2 Calibration Reference
20 K 2 Calibration Reference
21 O/C 2 Integrating Nephelometer Mode Selector (left)
22 M 1 Cambridge 137-C3 Dewpoint Temperature
23 O/C 3 Optical Filter Identification
24 O/C 2 Integrating Nephelometer Mode Selector (right)
25 K 2 Calibration Reference
26 O/C 2 Altitude
27 O/C 3 Roll
28 O/C 2 Pitch
29 O/C 1 Magnetic Heading
30 0, C 1 Indicated Airspeed
31 K 1 Calibration Reference
32 O/C 2 Source Check +990 mv
33 O/C 2 Source Check -990 mv
34 0/C 3 A D Zero Check 000 mv
35 M 3 AN 'AMQ-17 Temperature
36 R 2 Nadir Radiance (fwd)
37 M 3 AN/AMQ-17 Static Pressure
38 K 3 Calibration Performance
39 0"C 2 A'D Span Check +950 mv
40 O/C 2 Irradiometer Prism Identification
41 K 3 Calibration Reference
42 K 2 Calibration Reference

R = Radiometer Signal
O/C = Orientation and Control Signal
M = Meteorological Signals
K = Internal Calibration Signal
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PHASE

The first phase in the airborne data processing schedule, program MIRE 1A, is designed to verify the

electrical quality of the recorded data and build in some insurance against data loss through mishandling

Program MIRE 1A operates on the raw field tape in the following manner

1. Examines data channels 34 and 39 which monitor A/D calibration input voltages of 0.000 vdc

and 0.950 vdc.

2. Corrects all channels for errors due to minor variations in A D zero and or span calibration.

Rejects all data blocks having A/D zero or span variations exceeding 10 mv.

3. Examines each 3480-word data block and tabulates its status, i.e., electrical calibration
and parity.

4. Prints out block status tally for editing and evaluation.

5. Sorts data which is stored in original A/D multiplex array into ordered sets by analog input

channel. This operation in effect gets all 2 n scanner data into one set, all dewpoint data

into another set. and all pitch and roll data into another, etc All data is ordered chrono-

logically by project time. 2

6. Transfers validated and corrected data to 800 bpi storage tapes Writes two identical storage

tapes to protect against future data loss due to mishandling All data is stored in corrected

millivolt values in the original field tape format.

PHASE II

The second phase of the data processing schedule program MIRESHLT, is designed to convert the my-

riad of raw millivolt values on the data storage tape into interpretable tables of calibrated engineering

quantities. Program MIRESHLT is the most comprehensive and expensive routine in the entire schedule

However, it is the application of this routine which allowe the results of a 3-hour data collection flight to

be available for preliminary analysis within 48 hours of the tape arrival at the computer center.

Program MIRESHLT operates on the datm storage tape in the following manner.

1., "Applies the appropriate calibration values to each set of data. This operation, depending

upon the system, involves the application of multiplicative factors, the interpolation between

tabular values, or the calculation of inter-set ratios

2. Calculates and applies calibration updates to all radiometer channels based upon "memory

calibration" readings interspersed within the basic data,

3. Performs sample calculations to illustrate data quality. Compares results against pre-

determined standards of maximum and minimum allowable values. Flags all data falling out-

side allowable limits. Tallies percentage offscale data in critical channels.

4. Puts out printout sheets tabulating results of all operations performed. These sheets contain

tables ,f all measured values as a function of time and -or altitude. In addition to the-tabulai-

presentation,, all quantities can be plotted upon demand. These general purpose displays are

used for in-house analysis and delivery to authorized outside users, etc. They are-complete,

including all calibration values used.
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PHASE III

Because the output from- MIRESHLT is quite voluminous, special sorting routines have been written to

retrieve selected portions of the data from any given flight. Program MIREPROB is one of these extraction

routines. The function of program MIREPROB, however, goes slightly beyond a simple re-sort in that it per-

forms the following functions.

1. Extracts from the data storage tape all- raw data required- for the specified task.

2. Applies appropriate calibration values in the same manner as program MIRESHLT.

3. Reorders data into an array suitable for more efficient-processing.

4. Calculates some intermediate derived quantities and sorts by tighter specifications on

data quality.

5. Puts out printout sheets tabulating the results-of all operations performed.

6. Puts out problem data tape for use in final calculations. ,- -

It is anticipated that the basic functions of the MIREPROB program can be absorbed in MIRESHLT and

the final program, SHEDC130, after this report is completed.

PHASE IV

The final step in the processing of a typical airborne data tape is the generation of the desired end

data. This has been the goal of the entire project. All that has gone before - the development of-the the-

oretical approach, the design and fabrication of the instrumentation, and the deployment of the field data

collection exercises - has been directed toward feeding this final computational phase.

The final calculation routine, program SHEDC130, was an experimental program where several methods

of data retrieval were attempted. This complicated the program by creating storage problems. Conse-

quently an intermediate program, BRIDGE, was developed to precede SHEDC130 in order to handle minor
interface and format problems, correct the scanner data for known errors, and eliminate the effects of ex-
cessive external lights for the starlight flights. Program BRIDGE generates the intermediate applications

data tape.

Program SHEDC130 computes the data in Section 6 from the selected measured and derived quantities

-- -j stored on the application data tape according to the equations in Section 2. Since the basic mothod de-

- scribed in Section 2 is the most effective, much can be eliminated in program SHEDC130, allowing programs

BRIDGE and UNIT CONV (refer to Fig. 5-1) to be absorbed in the single program SHEDC130 after completion

of this report.

5.2 GROUND-BASED DATA

The data processing associated with the ground-based data set is similar in concept to that applied to

the airborne data. The primary differences are the result of a different recording format between the two

data loggers and the significantly lesser amount of data resulting from the ground station. As noted in

Table 5-2 the same general classes of data are handled, but in much smaller quantities. Again, all sys-

i tems, regardless of type, have been designed for an electrical output between 0 and ± 1 vdc for full scale.
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The data logger is normally adjusted for a least count of tO.1 my. It also records in digital format; how-
ever, the normal incremental sample rate is only approximately e;-ht samples per second.

Table 5-2. Ground-Based Data Classifications

Analog Input Signal
Channel Class Measured Quantity

00 0/C Automatic 27t Scanner Elevation
01 R Automatic 217 Scanner Radiance
02 O/C Automatic 2,7 Scanner Azimuth
03 R Automatic 2 n Scanner Radiance
04 O/C Automatic 227 Scanner Azimuth
05 R Automatic 21r Scanner Radiance
06 O/C Automatic 27T Scanner Elevation
07 R Automatic 21r Scanner Radiance
08 O/C Automatic 2,7 Scanner Azimuth
09 R Automatic 217 Scanner Radiance
10 O/C Automatic 2,7 Scanner Azimuth
11 R Automatic 2,7 Scanner Radiance
12 R Large Aperture Telephotometer
13 R Automatic 2,7 Scanner, w/irradiance attachment
14 O/C Large Aperture Telephotometer, Zenith Angle
15 O/C Calibration Reference
16 R Automatic 277 Scanner, w/irradiance attachment
17 R Integrating Nephelometer (left)
18 R Integrating Nephelometer (right)
19 O/C Integrating Nephelometer Mode

R = Radiometer Signal
O/C = Orientation and Control Signal

PHASE I

The first phase of the ground-based data processing schedule, program GND I,, has the same general
function as in the airborne case. It is designed to verify the quality of the recorded data, determine the

usable quantity of data available, and provide data storage tapes for further processing.

Program GND I operates on the raw field tape in the following manner.

1. Examines each ten character word and identifies and tabulates its classification and parity.

2. Prints out tape status tally and data classification summary for editing and-evaluation.

3. Sorts the data, which is stored in the original .MiUioiex array, into ordered sets by analog
input channel.

4. Transfers acceptable data to storage tapes. All data is stored in millivolt values in the
original field tape format.
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PHASE II

The second phase of the ground-based data processing, program GND II, is designed to convert the raw

millivolt values on the storage tape into interpretable tables of calibrated engineering quantities.

Program GND II operates on the data storage tape in the following manner.

1. Applies the appropriate calibration values to each set of data.

2. Calculates and applies calibration updates to all radiometer channels.

3. Performs sample calculations to illustrate data quality. Flags all data falling outside

pre-establi shed allowable limits.

4. Reorders automatic 2m scanner data into a stylized array suitable for manual analysis.

5. Puts out printout sheets tabulating results of all operations performed. These sheets contain
tablets of all measured values as a function of project time. These general purpose displays
are used for in-house analysis, delivery to authorized outside users, and selection of ground

data to be card-inputted into phases III and IV of the airborne data processing flow, etc.

Due to the reasonably small quantities involved and the sometimes very specialized utilization of the
ground-based data, there was no automatic processing beyond GND I1.,
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-6. NO Data -

6.1 FIGHTDESC TI.1

adjacent to the Chao Phraya River, and over the land and the Gulf of Siam near Rayong, The flight descrip-
S tions which follow idniythe geea raof eac~h fihbyreference to a fixed gegahcllocation. For

the Khorat Plateau area the references are the TREND site and the city of Khorat. For the lowlands adja-
Scent to the Chao Phraya River the reference is the city of Lop Buri (with Sing Buri as secondary reference)." • = '••

S And for the flights over the Gulf of Siam and adjacent land the reference is the city of Rayong. The Irdti- _

tude and longitude coordinates and approximate elevation above sea -level of the foregoing geographical ••-•
locations are giveii in Table 6-1.!

Table 6-1. Location and Elevation of Geographical References | -
6.Ai Approximate D

Reference Latitude Longitude Elevation (Meters) •

TREND Site 14.50 N 102.0" E 600 •_ •
Khorat 15.00 N 102.10o E 200 •

Lop Buri 14.80 N 100.60 E 25
Sing Buri 14.90 N 100.50 E 25-:
Rayong 12.7'ý N 101,31' E 5 ,
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Table 6-2 is a summary of pertinent data for the flights being reported. In the table flight numbers are

sequential. Flights 82 and 88 are reported as two flights because each flight was, in effect,, two flights

with data recorded over two geographical locations. Flight 100 is reported as two flights because of a

distinct change in atmospheric conditions which occurred during the flight. The date of each flight is the

Greenwich date. The times unuer the Total Time of Data-Taking column are Greenwich mean times (GMT)
and in parentheses local civil times (LCT), which is GMT plus 7 hours. The site for each flight is the

fixed geographical location to which the flight is referenced. The moon phase angle can be defined as the
angle between two lines from-the center of the moon, one to the center of the sun and the other to the cen-

ter of the earth (Russell 1916). The moon zenith angles are tabulated from the timre when sky radiance data-

taking began, at the time of moon transit (minimum zenith angle) when applicable, anid at the conclusior of
sky radiance data-taking.

Table 6.2. Flight Data

Total Time of Data-taking Moon

Flight Date Start End Phase Moon Zenith Angle

No. 1968 GMT LCT GMT LCT Site Angle Start Transit End

821 15 Sep 1748 (0048) 1856 (0156) TREND 1010 820 75c0

8211 15 Sep 1926 (0226) 2027 (0327) Khorat 1020 590 530'

86 7 Oct 1612 (2312) 1839 (0139) Khorat 140 230 20 50

87 12 Oct 1226 (1926) 1337 (2037) Rayong 670 Before Moonrise

881 19 Oct 1411 (2111) 1526 (2226) Rayong 1520 Before Moonrise

8811 19 Oct 1542 (2242) 1632 (2332) Rayong 1520 Before Moonrise

89 21 Oct 1320 (2020) 1410 (2110) Lop Buri 1760 Before Moonrise

1969

-- 91 28 Feb 1352 (2052) 1621 (2321) Lop Buri 400 150 110 18•

92 9 Mar 1731 (0031) 1953 (0253) Lop Buri 700 740 547

93 10 Mar 1811 (0111) 2034 (0334) Khorat 830- 770 580
96 25 Mar 1347 (2047) 1614 (2314) Khorat 950 420 650

97 27 Mar 1432 (2132) 1700 (0000) Rayong 710 290 54"

98 30 Mar 1412 (2112) 1625 (2325) Lop Buri 370 120 10 12"

99 2 Apr 1339 (2039) 1606 (2306) Khorat 20 540 30°

1001 3 Apr 1338 (2038) 1444 (2144) Khorat 110 670 530

10011 3 Apr 1449 (2149) 1521 (2221) Khorat 110 520 490

101 6 Apr 1330 (2030) 1440 (2140) Rayong 500 Before Moonrise

102 7 Apr 1334 (2034) 1437 (2137) Lop Buri 640 Before Moonrise

6-2
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The first seven flights being reported, No. 821 to 89, were made during the wet season in the Fall of

1968. The balance of the flights being reported, No. 91 to 102, eleven in all, were made during the dry

season in the Spring of 1969. There was a distinct difference in ground lighting between those two sea-

sons. During the wet season the ground lights were primarily electric lights around homes or small settle-

ments with a few small trash fires scattered throughout the area. During the dry season, in addition to the

electric lights, there were many areas where the dried vegetation was being burned following the harvest-

ing of the crops. These areas were extensive, especially in the Lop Buri/Sing Buri area,, with the color of

the fire varying from yellowish flames to deep red of the embers.

: • FLIGHT 821

Overcast moonlight. This flight was conducted over the TREND site shortly after midnight local time

and soon after muonrise. The TREND site was situated in the northern foothills of the Dangrek Mour~ains.

The ground cover consisted of random areas of small deciduous trees and tall grass. The area was cut

through just north of the TREND site by a hard-surface road with bare reddish soil areas on either side.
There were very few ground lights in the vicinity of the TREND site, but there was a river dam with many

electric lights a few miles beyond the southwest end of the flight path. High scattered cirrus clouds

covered the sky,, partially obscuring the moon, and low stratus clouds were located southwest of the flight

area. Moon phase angle was 101,; moon zenith angle was 82' at start of sky radiance data-taking and 750

at completion.

FLIGHT 8211

Moonlight. This part of the flight started at 0226 local time,, over an area approximately 65 km east of

Khorat, and ended at 0327. The terrain was flat. The vegetation consisted of forested areas of small de-

ciduous trees with flooded rice paddies scattered among the trees. The cloud cover had changed suffic-

iently from that of Flight 821 to reveal the moon. In addition, a considerable number of lightning flashes

were observed in the northwest direction. Moon phase angle was 1020: moon zenith angle ranged from 59'

to 53 0 during sky radiance data-taking.

FLIGHT 86

Moonlight. Data were gathered in the same general area as in Flight 82 11, approximately 34 km east

southeast of Khorat. The data-taking started at 2312 local time and continued until 3139. The vegetation
consisted of forested areas of small deciduous trees and flooded rice paddies The sky was clear except

for high thin cirrus clouds. The moon phase angle was 14 the moon zenith angle ranged from 23- to 5' "

during sky radiance data-taking. The moon zenith angle was 2' at time of transit.

FLIGHT 87

- Starlight before moonrise, Data were recorded over the Gulf of Siam approximately 8 km south of
Rayong. T' 1 water depth was approximately 20 m (10 fm). Data-taking started at 1926 local time and was

completed at 2037, before moonrise. At the beginning of the flight there were high cirrus clouds to the

j north. Near the end of the flight some stratus was seen along the beachline at an estimated altitude of

1000 to 1200 m.
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FLIGHT 88 1

Starlight before moonrise with a cloud overcast. Data were gathered over the Gulf of Siamapproxi-
mately 8 km south of Rayong. Depth of water was approximately 20 m (10 fm), Weather was described as
clear with some clouds at 600 m. A thick overcast was seen approximatelv 30 km south of the flight area.

A thunderstorm with bright lightning flashes was in the northwest direction. Data-taking started at 2111
local time and ended at 2226.

FLIGHT 88 11

Starlight before moonrise with scattered clouds. The location for this flight was a valley about 40 km
east of Rayong. The terrain was relatively flat, cultivated (but not with rice paddies), and interspersed
with small tree-covered knolls. In addition to the scattered clouds at 600 m, there was an overcast 140 km
to the south and thunderstorms were seen in the northwest direction. Data-taking started at 2242 local
time and ended at 2332.

FLIGHT 89

Starlight before moonrise with thick overcast at 1500 m. The flight pattern was from Lop Buri to ap-
proximately 40 km west of Sing Burn. The terrain was flat (river delta country) and cultivated with rice

paddies and other crops; there were also small scattered settlements. The illumination from ground lights

on the surface of the overcast was readily discernible. Data-taking started at 2020 local time and ended
at 2110. Data-taking terminated at 1372 m,, just below the overcast.

FLIGHT 91

Moonlight. The flight pattern was from Lop Buri to approximately 40 km west of Sing Buri. The terrain
was flat (river delta country) and cultivated with rice paddies and other crops. there were also small

scattered settlements. This was the dry season (March) when crops had been harvested, ground cover had
yellowed, rice paddies were dry, and the stubble was being burned off. Water was still present in some of

the fields however and reflected moonlight was observed at the beginning of the flight. The atmosphere
was free of clouds but quite hazy, especially near the ground, and there was very little wind. Data were
recorded from 2032 local time to 2321. The moon phase angle was 40. the moon zenith angle was 15 at

the start of sky radiance data-taking, 11 at transit, and 180 when sky radiance data-taking ended.

FLIGHT 92

Moonlight (approximately one and one-half days before the quarter moon). The flight pattern was from
Lop Buri to approximately 40 km west of Sing Buri. The terrain was flat (river delta country) and cultivated
with rice paddies; and there were also small scattered settlements. This was the dry season (March)

when crops had been harvested, ground cover had yellowed,, rice paddies were dry, and the stubble was
being burned off. The atmosphere was free of clouds but hazy at the lower altitudes. Data were recorded
from just after midnight, 0D31 local time, until 0253. The moon phase angle was 700. the moon zenith an-

gle during sky radiance data-taking ranged from 74' to 540,

FLIGHT 93

Quarter moon, Data were gathered over the wooded terrain of the Khorat Plateau some 60 km east of
Khorat. There were very few artificial lights under the flight pattern. The terrain consisted primarily of
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dry rice paddies and deciduous trees. This was the dry season (March) and the vegetation (tree leaves

and ground cover) had lost the green color of the wet season. The atmosphere was very hazy at low alti-

tudes. Some clouds at an undetermined altitude occasionally obscured the moon. Data-taking started

at 0111 local time and ended at 0334. The moon phase angle was 83"; the moon zenith angle ranged from

770 at the start of sky radiance data-taking to 580 at the end.

FLIGHT 96

Quarter moon. Data were gathered over the wooded terrain about 60 km east of Khorat. There were

very few artificial lights under the flight pattern. The terrain consisted priinari ly of dry rice paddies and

deciduous trees. This was the dry season (althougjh it had rained in this area during the afternoon) and

the vegetation (leaves on trees and ground cover) had lost the green color of the wet season. The atmos-

phere was very hazy at low altitudes. There was considerable thin cirrus estimated at 6000 m. The data-

taking started at 2047 local time and ended at 2314. The moon phase angle was 950; the moon zenith angle

was 420 at the start of sky radiance data-tak;ng and was 650 at the end.'T

FLIGHT 97

Moonlight. The flight was made over the Gulf of Siam, approximately 130 km south of Rayong, where

water depth war about 55 m (30 fin). The atmosphere was essent-ally clear except for small scattered

clouds at about a 450-meter altitude, Data-gathering started at 2132 local time and ended at 2400. The

moon phase angle was 710; the moon zenith angle was 290 when sky radiance data-taking started and 5401
when data-taking ended,

FLIGHT 98

Moonlight. This flight was made in the Lop Buri area. Away from the city of Lop Buri the ground cover 4
consisted of harvested-crop areas. There was considerable artificial ground lighting in the area. There

were high thin cirrus clouds with haze near the ground. Data-taking started at 2112 local time and ended

at 2325. The moon phase angle was 37; the moon zenith angle during sky radiance data-taking ranged -

from 120,, to 10 at transit, to 120.

FLIGHT 99

Full moon. This flight was made approximately 60 km east of Khorat. The terrain was reatively flat

and forested with deciduous trees and rice paddies. During this season (dry season) the tree foliage was

sparse, dry,, and yellowed and the rice paddies between the trees were dry. There were a few artificial

ground lights. Particularly near the ground the atmosphere was hazy and there were some cirrus clouds

remaining after a local thunderstorm had dissipated. Data-taking started at 2039 local time and ended at

2306. The moon phase angle was 2', the moon zenith angle was 540 at the start of sky radiance data-taking I
and 30' at the end.

FLIGHT 1001 j

Moonlight. This flight was made approximately 60 km east of Khorat. The terrain was relatively flat

and consisted of deciduous trees and rice paddies. During this season (dry season) the tree foliage was

sparse, dry, and yellowed and the rice paddies between the trees were dry. There were a few artificial

ground lights. The atmosphere was hazy near the ground, with no clouds except a thunderstorm toward the
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east. Data-taking started at 2038 local time and continued until 2144. The moon phase angle was 11 , the

moon zenith angle during sky radiance data-taking was 67' at the start and 53" at the "nd.

FLIGHT 100 11

"Overcast moonlight. This flight was a continuation of Flight 100 1, after the formation of a cloud over-

cast and in the same area approximately 60 km east of Khorat. The terrain was relatively flat and consisted

of deciduous trees and rice paddies. During this season (dry season) the foliage was sparse, dry,, and
yellowed and the rice paddies among the trees were dry. There were a few artifi,,al ground lights. There

was a continuous cloud overcast at 1500 m. Data-taking started at 2149 LCT and terminated at 2221. The

moon was completely obscured by the overcast.

"FLIGHT 101

Starlight before moonrise. This flight was made over the Gulf of Siam, approximately 95 km south of

Rayong, where the depth of the water was 60 m (33 fm). The sky was free of clouds but the atmosphere

was very hazy at low altitudes, presumably because of an offshore (north) wind. Data-taking started at
2030 LCT and ended at 2140.,

FLIGHT 102

Starlight before moonrise. The flight pattern was from 15 to 90 km south of Lop Buri. The terrain was

flat, cultivated with rice paddies, and included small settlements. During this dry season the rice paddies
were dry and other vegetation had lost its lush, green appearance. There were no clouds but the atmos-

phere was very hazy at low altitude,, presumably from the burning off of stubble in the dried rice paddies.

Data-taking started at 2034 and endad before moonrise at 2137.

6.2 PRESENTATION OF DATA

Data are presented in tables in Section 6.3, onc set of tables for each flight with the table sets ar-

ranged sequentially by flight number. Each table set consists of a flight description followed by tables of

Irradiance,

Directional Reflectance of Background,,

Total Scattering Coefficient,,

Beam Transmittance from Ground to Altitude,

Path Radiance from Ground to Altitude, and

Directional Path Reflectance from Ground to Altitude.

The table sets are color-coded., Each set of tables is printed on paper of one color and two colors are

used a'ternately so that the tables from one flight are readily distinguishable from the table sets of the

flight p-eceding and following.

Each optical property is tabulated in the tables as a function of altitude except for the Directional Re-

flecta ice of Backgrourcd which is tabulated as a function of zenith angle. The data are further subdivided
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by optical filters. Additionally, for those flights when the moonlight was sufficiently intense to cause di-

rectional effects, tables of Directional Reflectance of Background, Path Radiance from Ground to Altitude,

and Directional Path Reflectance from Ground to Altitude are presented in four sets for the four azimuths,

with respect to the moon, of 0', 900, 1800, and 2700.

The data tables are not complete. There are two reasons for this. Fiist, during some of the flights the

scatterer' flux (by which the total scattering coefficient is determined) was below the sensitivity threshold

of the nephelometer Filter 4. Accordingly, for those flights the Filter 4 data are not included. And be-

cause beam transmittance is computed directly from the total scattering coefficient, the beam transmittances

and two optical properties which include the beam transmittance in their derivation, Path Radiance from

Ground to Altitude and Directional Path Reflectance from Ground to Altitude, cannot be included.,

The second reason was the very low radiance values sometimes encountered during data-taking, values

below the sensitivity threshold of the sky scanning radiometers. And because sky radiances are used in

computing Irradiance, Directional Reflectance of Background, Path Radiance from Ground to Altitude, and

Directional Path Reflectance from Ground to Altitude, those properties for the filters in question cannot be

included.

The numerical values in the tables are expressed either as decimal numbers or as the products of deci-

mal numbers and a power of 10. ,For example, in the Inadiance table for Flight 821 the irradiance values

are written in the form of 3.144 E-05, the computer way of writing 3,144 x 10-5. If the number were

3.144E 05, that is, with no minus sign, it would be equivalent to 3.144 x 105. In the same table the al-

bedos are decimal numbers in the form of .049.

In all these tables the data are tabulated by optical filters. The spectral responses of the filtered

phototubes for Filters 1 through 4 are shown in Table 6-2A. These data are plotted in Fig. 1.4 in the

Introduction.
Table 6-2A. Standardized Sensitivity-Transmittance SATA of the Four Narrow Band

Filter-Phototube Combinations

Filter Fi Iter Fi Iter Filter

No. 1 A No. 2 t A No. 3 A No. 4

460 0.007 500 0.067 635 0.002 715 0.008

465 0.149 505 0.415 640 0.049 720 0.054

470 0.848 510 0.315 645 0.180 725 0.149

475 1.000 515 0.964 65U 0.553 730 0.447

480 0.933 520 1.000 655 0.995 735 0.881

485 0.830 525 0.621 660 1.000 740 1.000

490 0.179 530 0.135 665 0.942 745 0.903

495 0.029 535 0 029 670 0.863 750 0.798

675 0.748 755 0.658

680 0.477 760 0.509
685 0.159 765 0.295

690 0.050 770 0.103

695 0.017 775 0.029

780 0.009

Wavelength i. in nanomcters.

t A peak transmittance of 515 nm wits desired. This required excessive trimming. A peak transmittance
of 520 nm was an'epted as,:i compromise.
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DATA RELIABILITY

This report presents the results of a major effort to obtain meaningful atmospheric optical data Cer-
tain aspects of the data reliability are discussed in Section I of this report; additional information is
given in the paragraphs which follow.

The taking of atmospheric optical data during moonlight and starlight presented problems of what
optical instruments to use and how to achieve the necessary sensitivity to use them. The nephelometer
was designed and constructed for this project. The sky scanning radiometers were already designed and
being constructed before the night requirement arose so that the problem in this case was how to achieve
maximum sensitivity. This was also the situation in the case of the irradiometers and the large aperture

telephotometers.

Following this paragraph are several subheadings describing separate problems and how these problems
were handled. The solutions to some of the problems were very straightforward. The solutions to others

were compromises. The inevitable result of compromise is a reduction in the reliability of the data. We
think, however, that in general these data are good and in most cases quite reliable. In other cases the
data suffer from the compromises.

Thermal Control. The spectral sensitivity of multiplier phototube cathodes varies as a function of their
temperature (Murray and Manning, 1960, and Boileau and Miller, 1967). This variation is not only a simple
change of sensitivity with temperature: it is also a function of wavelength. For example, lowering the tem-
perature of the cathode may increase the sensitivity by 10% in the short wavelength part of the visible

spectrum while the sensitivity in the long wavelength part of the spectrum is decreased by 50%. Accord-
ingly, for measurement accuracy it is essential that the phototube cathode be maintained at a constant
temperature. Thermoelectric junction temperature control units,, developed at the Visibility Laboratory and
capable of maintaining the temperature of the cathodes at a selected temperature, ±0,5"C, were used in
all airborne and ground-based optical instruments during Project SHED LIGHT data-taking.

JI

Instrument Calibrations. Calibrations of the optical instruments were carried out in the radiometric
calibration facility at the Visibility Laboratory (refer to Section 3.4, Radiometric Calibration Procedures).

Several different secondary standards of luminous flux were used as the radiometric standards. The in-
struments were calibrated as units, that is, with optical components as(enbled in normal operationa! con-
figuration. Because of the high sensitivity of the eluipments (the maximum possible sensitivity for oper-
ating at very low flux levels), special precautions were made to preclude stray light. The standard
deviations resulting from the calibrations were usually ±3% with some instruments going as high as ±5%.

Field Calibrations. Each optical instrument is fitted with an optical filter changer mechanism. Each
of the filter changer mechanisms has one filter position fitted with an angled front surface mirror which
reflects flux from a radioactive flux source to the cathode of the phototube. During the calibration of f-ach
instrument the radiance of this flux source was recorded, This flux source was used in the field as a cal-
ibrating device and the flux from this source was recorded before and after each data-gathering run.

Data Reduction. All data reduction has been done by computer. Instructions put into the data reduc-
tion program were to identify the voltages related to the radiance of each radioactive flux source,, to av-
erage these voltages, and to print out the maximum., minimum, and average voltage values The computer
then compared the average voltage value with the voltage value recorded during calibration and adjusted
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tthe instrument calibration to bring the two corresponding radiance values into agreement. If the intensity

of the radioactive flux source is constant, and it is assumed to be so, this procedure corrects (within the
range of the voltage variation) any error caused by small changes of multiplier phototube sensitivity,

The data recorded on the airborne magnetic tape data logger are voluminous, far too many to be studied

individually. Accordingly. another instruction in the data reduction program was to time-average the ra-

diomdortric data or, as in the case of the sky scanning radiometers, to get one average value for each 360'

scan (this averaging was done only for the starlight cases). This procedure tended to reduce, or even i

eliminate, the ,andoifi fluctuations in radiance values due to the small changes of phototube sensitivity. ý
Thus the-radiance values reported and used in deriving other atmospheric properties in this report are be-
Ieved to be accurate within the standard deviations reported above.

Rhbttu•, \oi-w. A multiplier phototube-has a high degree of precision when operating at relatively

high flux levels. it retains this relatively high precision as the flux level lowers until the flux level nears

t~es-limitinq sensitivity of tha phototube- At this time the precision starts to lessen because of phototube

noise. Continued lowering of the flux level is accompanied by rapidly increasing noise and loss of pre-

*! cision in the phototube signal until a flux level is eventually reached where the signal from the phototube

is too imprecise to be of value, Therefore a level of precision had-to be established below which the data

were unacceptable. The criterion- used in SHED LIGHT data reduction was: when the phototube signal for

a 2M% change in flux varied 20±10%, the data were discarded. It must be realized that the above criterion

indicates only the data to be discarded. The data-retained are better, higher precision data.

2ý Data Interpretation. Lightning flashes were observed during some of the data-gathering runs and these

were often recorded by the upper sky scanningradiometer. During all of the flights over land and some of

the flights over water, artificial lights were present on the ground or on boats at sea. These lights were

steady lights and were, of course, recorded by the lower sky scanning radiometer. It was believed the
lightning flashes and ground lighits were artificialities that should be eliminated from the data, if possible.

Acco-lingly, for starlight skies the computer was programmed to compare all upper and lower sky radiances

with the radiance of the zenith sky and to reject all radiances one order of magnitude greater than the zen-

ith rzdiance. While this procedure eliminated the radiances one order of magnitude greater than the zenith

radiance, it did not eliminate the radiances from small lights of lesser intensities. The above procedure

could not be used in moonlight flights because-of the high value of the moon's radiance compared to the

radiance of the zenith sky. In those cases all data are included. Fortunately, during moonlight the gen-

oral flux level is approximately two orders of magnitude above that of starlight, so the effect of the light-

ning flashes and ground lights for the moonlight cases was reduced by a factor of approximately two orders

of magnitude from that of sta'iight.,

OPTICAL PROPERTIES

Irradiance. The irradiances H(z,d) and H(z,ul, albedos H(z,u) H(z,d), scalar irradiances hlz.d), li(z,ul,

and h(z). and scalar albedos h(z,u):'h(z.d) are presented in columnar form as a function of altitude The
Xaltitudes are given in meters above ground level at intervals of approximately 300 m. The lowest reported

ivalues are those computed from data taken at minimum aircraft altitude. Because of data fhlictualions with

altitude it was impractical to extrapolate the data to zero altitude.

There are five tables of irradiance for each flight, one table for each optical filter. The dimensions

and units for the irradiances are "watt m- 2 -Iri-f" Albedos are, of course, dimensionless.
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Some albedo values appear to be excessively great indeed, som,n are greater than unity. As stated in

the Theory Section, irradiances are calculated from upper and lower sky radiances The m'a.%hurca iower

sky radiances included the effect of ground lights. The computer program designed to eliminate the effect

of those lights during the calculation of the irradiances was not always successful. Thus some values of

the upwelling irradiance and, consequently, the albedo values calculated from those irradiance values, are

too great.

Directional Refle'vl.c' of Background. The Directional background Reflectance ,R,,(z.,O),b) is tabu-

lated by zenith angle in five columns for the five optical filters. For the starlight flights, or equivalent.

one table of data is presented. For the moonlight flghts four tables of data are presented, one for each of

the four azimuthal points. Reflectance is dimensionless.

8Hcwkground Radia'n,. Backgrcund radiance is not included ir these tables. it may be computed from

the foregoing Irradiance and Directional Reflectance of Background by the equation

bNo(O,O,4) t-- Ro0,O,6) H(0,d) . (6-1)

Examples. For Flight 821, Filter 1: the irradiance at the lowest altitude is 3.14E-5 watt m- 2 /im"' the

directional background reflectance for a zenith angle of 930 is 1.04

Then

b NO(0, 9 3 1) - x 1.04 x 3.14E-5
77

and

bNO(0, 93 ) 1.04E-5 watt Q-1 m- 2 Jim-,

Example. For Flight 8211, Filter 1: the irradiance at the lowest altitude is 7.49E-5 watt m- 2 im-; the

directional background reflectances for a zenith angle of 93 ' and for the different azimuthal angles with

respect to the moon are

(b 0C bRo(0, 9 3 1O, 0)- 0.433,

(3 90R O.(0,9 3 °.9 0 ) - 0.566,

6= 1800 bR.o(0, 9 3 0,18 0O)= 0.578,

and
(= 270' bRo(0, 9 31, 2 "0°) 0.312.

With the above ref lectances, the radiances computed with Eq. 6-1 are

bNo(O,9 3 •O•) = 1.03E5 watt Q- m- tim-

bN(O,93,90') = 1.35E-5 watt l I m-
2 lM-- ,

bNo(0,931,180) 1.38E-5 watt m-2 m- /m-1,

and

bNo(0,93 ,270", 0.744E-5 watt f-' m - /im-.
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'7o/al Scattering Ce•'lfioint. The total scattering coefficient s(z) is tabulated by altitude in five col

umns for the five opaical filters. The altitude is given in meters,, above ground level, at approximately

30.5 m (100 ft) increments. The dimension and unit for the total scattering coefficient are "'per meter'

The total scattering coefficient is used for the calculation of atmospheric beam transmittance. It was
so used in the various equations of the Theory Section to calculate the values of atmospheric beam trans-

mittance in the tables which follow in Section 6.3.

fa•i•, 'l)'m.smiilttce from (;round to Altitude. Atmospheric beam transmittance is tabulated for the
slant paths of sight, between the ground and altitudes shown, for the seven zenith angles from 93' to 1800.

There are five tables, one for each optical filter. This property is dimensionless.

The symbol for atmospheric beam transmittance is T,lz,0), where r is the length of the path of sight,

z is the altitude of the observer or sensor, and 0 is the zenith angle of the path of sight. The path of .
sight geometry is illustrated in Fig. 2-1 shown in Section 2 (also refer to Appendix A, p. 501 ). Thus the

beam transmittance for Flight 821, Filter 1, zenith angle of 1050, from an altitude of 305 m, where because

of the secant relationship r = 1178, is

T 1 178 (305,105') 0.804.

The secant relationship illustrated in Fig. 2-1 does not nold for the zenith angle of 930 because of the
"earth's curvature. (Refer to Earth Curvature in Theory Section.) In this case the path length r, when the

earth curvature is considered, is 5880 m instead of 5828 m calculated by the secant relationship. Thus

the transmittance is

T58 o0(305,93') = 0.337 .

1Path Radimicc" from Ground to Altitude. Path radiance N*lz,0,6) is tabulated for the slant paths of

sight, between the ground and the altitude shown,, for the seven zenith angles from 930 to 1800. There are

five tables, one for each optical filter. For moonlight flights there are four such sets of data, one set for
each of the four azimuthal directions of 00, 901 1800 and 270'. The dimensions and units are

"watt m-1 M-2 !m'-1.

Examples. For Flight 821, Filter 1, zenith angle of 1050, from an altitude of 305 m, and path length r

of 1178 m, the path radiance is

N 1 1878(305,105'.6) . 1.04E-6 watt 0-1 m-2 tJim-

Similarly, for Flight 8211 using the same filter,, zenith angle, and altitude, the path radiances are

N1 8(305,105,, 0') = 5.06E-6 watt - I m- 2 t-m-

N 1178(305,105-,90°) = 2 50E-6 watt Q-1 m-2 rim'

N 1 17 8(305,1050 ,180-) = 2.68E-6 watt Q- 1 m- 2 gfm-lf

and N *1 78(305,105 ,270'1= 2.47E-6 watt f-' m 2 lm-,

Note that the path radiance for the path of sight in the direction of the moon is g:eater than the other path

radiance values by a factor of 2.
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l)ir(, tionul Palh Rv/ 1h'0 t'•i from Ground lo Altitude. Directional path reflectance R (z,O,(,6) is tabu.

lated for the slant paths of sight, for the path length between the ground and the indicated altitude, and

for the seven zenith angles from 93°to 180'. There are five tables, one for each optical filter, and in the

case of the moonlight flights there are four data sets, one for each of the four azimuthal angles, with re-

spect to the moon, of 0, 90", 180", and 270". This property is dimensionless,

The user of these tables is urged to read Appendix D for a clearer understanding of the concept of

directional path radiance.

(Contrast 7'rismilltamce. Contrast transmittance b r(z,0,)) is not tabulated. This optical property is

a function of atmospheric beam transmittance, path radiance,, and the inherent background radiance against

which an object is viewed. The background radiance measured by the airborne radiometer was the average

radiance of many individual areas integrated into one value by the 5' circular field of the radiometer The

inherent background radiance against which the object is viewed will probably never be the same as the

measured average radiance. If the area of that background is sufficiently small,, its radiance will have no

appreciable effect on the measured average background radiance and thus will have no appreciable effect

on the path radiance. In this case decoupling exists between the object background area and the path ra-

"diance and under this circumstance of decoupling the contrast transmittance may be calculated by Eq 3 of

Appendix D:

rlz,O,'A) = 1 +[R-(z,0,ý)/bRO(z,,,6)I} .

It is suggested that the user of this report read the discussion of de(oupling on page 554 of Appendix B

Exanples. On a night similar to that of Flight 821, assume that the contrast transmittance is needed

for a slant path oý sight 150 below the horizon (zenith angle of 1050),, from an aircraft flyirng at an altitude

of 1220 m, and for an object located on a concrete pad (surrounded by vegetation) which has a known re-

flectance in the direction of the path of sight of 0.600. Assume further that the sensor sensitivity is very

close to 515 nm. From the tables of Flight 821 the directional path reflectance for a zenith angle of 1050,

Filter 2, and an altitude of 1219 m is 6,10E-1. Then by using the above equation

b,47,0(12 19 ,105",6) =1 +j0.61010.600)fl- = 0 496.

When the aircraft has proceeded to the point where the zenith angle is 1200,, the corresponding directional
path reflectance is 1.98E-1. Now, assuming there is no change in inherent background reflectance with

change of the reflectance angle, then

br238(1219,120,6) = [1 + (0.198/0.600)V- 0.752.

When the aircraft is directly above the object, the directional path reflectance is 5.40E-2 and the contrast

transmittance would be

br, 19(121 9 ,180•6,) 1 + (0.054,'0.600) 1  0.917 .
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II I
Now, instead of a concrete pad let us assume the object is located on a black macadam road (sur-

rounded by vegetation) with a reflectance of 0.125, which is again independent of reflection angle. The

corresponding contrast transmittance values for the different zenith angles would be

b r4 7 10(1219,105°,0•) 0.170,

b r2431(1219,120",0) = 0.387,

and b r 1 2 19(1219,18,O) = 0.698.

Now assume that it is after moonrise and the night is similar to that of Flight 82'1. From the tables of that

flight the directional path reflectances for zenith angle of 1050,, altitude of 1219 m, and Filter 2 are

R•7 10 1219,1050 ,00 ) = 1.20,

R4 7 10(1219,105,90') = 0.795 ,

R47 10(1219,105-,180') = 0.819 ,

and R4 7 10(1219,105-,270') = 0.906.

The resulting contrast transmittances for an obiect against a background reflectance of 0.600, still inde-

E • pendent of angle of reflection, for the four azimuths would be

b r47 0(1219,105',0) = 0.333 ,

b •70o11219,1050,90') = 0 430

br04 71(12 19 ,105,1800) = 0.423

and br 47,0(121 9 ,105', 270') = 0.398 .

When the aircraft has proceeded to the point when tt , zenith angle is 1200, the four directional path re-

flectances would be

2 4 38(1219,1200 ,00 ) 0.344

R2 4 38(1219,120",90c) 0 276

R 42 3 8(1219,120,,180') 0.299.,

and R2 4 38 (1219,120-,2701) 0.298.

Now the resulting contrast transmittances of the object against a background rilectance of 0.600 for the

four azimuths would be

b .438( 1 2 1 9 ,1 2 0 ,O') 0.636

br2438(121 9 ,120, 9 0) = 0.685

b4 3438(1219,120',180' = 0.667,

f and br, 4 3 8(121 9 ,1 2 0 , 2 70 ) 0.668.

6-13I.,•-



iti

When the aicraft is directly above the object, the directional path reflectance would be 0.0904 without re
gard to the azimuth. Then the contrast transmittance would be

bT, 2 ,(121 9 ,180,ý,) ý 0.869 .

A similar treatment for an object against the macadam road with a reflectance of 0.125 would be

1, r417 o(1219.105',0") 0.0943,

b r47 ,(1219,105', 9 0) 0 136

br 4 7? o(1219,105,,180') 0.132

br47 o(1 2 19,105", 2 70') 2 0.121

Sbr,438( 1219,120 ,C') - 0 267

hr 24 38 (1219,1 2 T, 90') 0.312,

br24 3 s(121 9 ,120:,180") 0.295 ,

b_,!br2438(1219,120',270') 2 0.296

and b r 1 1q(1219,180',,:,) -- 0.580 .

The foregoing examples are based on two ref lectances of 0.600 and 0.125 which are assumed to have
no change with the angle of reflection. The purpose of the examples is to show how the contrast trans-

mittance changes with variation of the factors in the contrast transmittance equation, especially the back-
ground reflectance. In real life the inherent background reflectance is seldom,, if ever, a constant value

-• independent of angle of reflection and the user of these tables is urged to read Appendix B. particularly

the part entitled "Ill. Optical Properties of Objects and Backgrounds".

6.3 DATA TABLES

Each set of tables is printed on paper of one color and two colors are used alternately so that the
tables from one flight are readily distinguishable from the tables of the flight preceding and following.
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FLGHT 821

Overcast moonlight. This flight was conducted over the TREND site shortly after midnight local time
and soon after moonrise, The TREND site was situated in the northern foothills of the Dangrek Mountains.

The ground cover consisted of randm. areas of small, deciduous trees and tall grass. The area was cut
through just north of the TREND site by a hard-surface road with bare, reddish soil areas on either side.

There were very few ground lights in the vicinity of the TREND site, but there was a river dam with many
electric lights a few miles beyond the southwest end of the flight path, High scattered cirrus clouds
covered the sky, partially obscuring the moon, and low stratus clouds were located southwest of the flight
area. Moon phase angle was 101; moon zenith angle was 820 at start of sky radiance data-taking and 750
at completion.

i
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FLIGHT NO. 42 i FILIEt NO. 1
tLrpmUD 00104- IRRAUIAUCEHWATTS/SQ.N.IC.tO 1.)iUP- SCALAR SCALAR SCALAR SCALAR(hcTLRS) WtLLING WFLLING ALBEDO COkNWELLING UPWELLING TOTAL ALB:VC378 3.144V-05 1.542E-06 .049 7.133E-CS 7.11E-06 7.BeE-C5 .105654 3.085I--o 1.932C-106 .063 7.4546E-05 1.068E-05 8.522L-05 .143965 ?.80OF- 5 1-048t-06 .066 6.486E-05 9.380E-06 7.424c.C5 .14513L4 ?.643t-05 e.13W-'6 .061 6.523E-05 1.133E-05 7.657E-05 .1741603 2.449,:.-05 1.893'-U6 .017 6.016t-G5 9.886E-06 7.0041'-05 .1641857 2.104L-05 2.2906-06 .109 5.112E-05 1.03SE-05 6.1466-O .202

FLIGHT NO. C2 I FILTL NO. 2
IRPADIANCF(WArTS/SQ.M.MICHO P.)ALTITUVE fOWN- UP- SCALAR SCALAR SCALAR SCALAR(0T4aLRS) bLLLING %ELLIN6 ALPEDO CCWNWELLING UPWELLING TO0AL ALBEGO356 1.1691-05 2.644E-06 0E3 7.543E-05 1.061E-CS 8.604E-05 .141639 2-.867h-05 2.695E-06 .094 6.829E-CS 1.383E-O 8.212E-05 .2039t4 2.703F-05 2.995E-06 .111 6.360E-05 1.306F-05 7.664E-05 .2051278 2.624L-05 3.029E-06 .11b 5.977E-05 1.414E-05 7.391E-05 .2371536 2.439E-U5 3.444E-06 .140 '.915E-05 1.394E-05 7.309E-05 .2361859 2.141s-05 3.272E-06 .153 4.669k-05 1.368E-05 6.236E-C5 .281

FLIGHT NO. 82 1 FILTFR NC. 3IRRADIA;NCE(WATTS/S°.NM.ICRO I.)ALTITUDE OoiN- UP- SCALA SCALAR SCALAR SCALAR(METERS) WELLING WELLING AL6EDO CGWtWELLING UPWELLING TCIAL ALBEVO353 3.131E-05 3.134E-16 .ICO 7.525E-05 1.533E-05 9.058E-05 .204

637 2.885h-05 3.368E-06 .117 4).876E-05 1-918E-05 a.Tg4E-C05 .279965 1.856F-ýý5 3.992L--C6 .140 6.870E-05 2.065E-05 8.93SE-C5 .301
1239 ?,jL7-0! 1.776E-06 .13b 6.4146E-05 2.174E-Ob 8.58gE-Ob .3391586 2.617E-05 3.437L-06 .131 L-172E-05 1.968F-05 8.140L-05 .3191869 2.369E-05 4.035E-C6 .17e 5.553E-05 2.243E-C5 7.795E-05 .404

FLIGHT NO. 82 1 FILTRk NO. 4IRRAOIANCE(WATTS/SQ.P.MICRO 
M.)

ALTITUDE Dowh- UP- SCALAR SCALAR SCALAR SCALAR(NETLRS) WELLING WELLING ALeEO0 CCWNWELLING LPWELLING TOTAL ALBEDO353 1.255E-ob 8.4796-06 .676 3.357F-C5 2.540E-05 5.8980-05 .757615 1.261E-05 6.402E-C6 .508 3.455t-cs 2.191E-05 5.6466-05 .634965 1.305E-05 6.758*-06 .51k 3.445E-O! 7.455E-C5 5.90CE-05 .7131279 1.188E-05 6.730E-06 .567 7.233E-05 2.233E-C5 5.4665-05 .s91155 1.089fi-05 6.458E-06 .593 2.845E-C5 2.449t-05 5.2946E-05 .8611868 99406E-06 6.040E-06 .608 2.697E-05 2.213L-05 4.91C0-C5 .821

FLIGHT NO. 82 1 FILTFR NO. 5
IRRADIANCE(WATTS/SQ.N.PICRO N.)ALTITUDE. DOWN- UP- SCALAR SCALAR SCALAR SCALAR(METERS) WELLING WELLING .0BEDO DOWNNELLING UPWELLING TOTAL ALBED8344 3.351E-05 2.5906-06 .077 7.853E-05 1.076L-05 8.929E-C5 .137646 3.019E-05 3.149E-06 .1064 6.89SE-05 1.268E-05 8.163E-05 .184965 3.087E-05 3-2346E-06 .105 6.989E-05 1o416E-05 8.40SE-05 .2031278 2.824b-05 3.592E-06 .127 6.5586-05 1.521E-05 8.079E-05 .2321585 2.806E-05 3.577E-06 .127 6246DE-05 1.524E-05 7.763E-05 .2441871 2.552E-05 3.811E-06 .149 6.2466-05 1.476E-05 7.721E-C5 .236

FLIGHT 00O. 82 IUIRECTIONAL REFLECTANCE OF BACKGROUNDZENITH FILTERSANGLE 1 2 5 3 493 1.03537 1.16497 e83400 2.C6282 4.2637695 .47917 .79348 .67530 .78943 1.71599100 .09171 .20225 .14182 .12576 .97000.105.. 05422 .11571 .09780 .10195 .78459120 .04585 .08268 .06956 .08668 .66564150 .03388 .05945 .05211 .07724 .592141o0 .02940 .04951 .04608 o07397 .56671
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VATE 91564 FLIGHT NO. 82 I GROUND LEVEL ALTITUDE ( N.). 629 IUPol

ALTITUDE TOTAL SCATTERING COEFFICIENT (PER METER)
(METERS) FILTERS 1 2 3 4 5

0 1.882F-04 1.6881-04 9.926E-05 8.185E-05 1h58GE-04
30 1.876E-04 1.6826-04 9.8693-05 8.158E-05 1.5TE-04
61 1.869E-04 1.676E-04 9.860E-05 8.131E-CS 1.577E-04
91 1.863E-04 l.6?VE-04 9.827E-05 8.104E-05 1.572E-04

122 1.8b76-04 1.6656-04 9.794E-05 8.0771-05 1.567k-04
157 1.8516-04 1.660E-04 9.751E-05 8.OSOE-C5 1.5621-04
183 1.84SE-04 1.654E-04 9.7296-C5 8.023F-05 19557E-04
213 1.8386-04 1.649E-04 9.697E-05 7.9966-05 1.5511-04
244 1.832E-04 1.643E-04 9.6646-05 7.9706-05 1.546E-04
274 1.826E-04 1.63SE-04 9.632E-05 7.943E-05 1.541E-04
305 1.820E-04 1.6326-04 9.600E-05 7.917E-65 1.536E-04
335 1.814t-04 1.627E-04 9.568E-05 7.890E-05 1.531E-04
366 1.801E-04 1.621E-04 9.427F-05 7.69CE-05 1.5351-04
396 1.795L-04 1.616E-04 9.178E-05 7.957E-05 1.523E-O0
427 1.789t-04 1.612E-04 8.973E-05 7.9165-05 1.522E-04
457 1.793E-04 1.601E-04 8.8815-05 7.7T77-05 1.517E-•4
480 1.794t-04 1.602E-0, 8.856E-05 7.7726-05 1.519E-04
518 1.780E-04 1.5956-0, 8.6115-05 '.687E-05 1.4956-04
549 1.7556-04 1.592E-0,, 8.5526-05 7.693E-05 1.459E-04
579 1.730E-04 1.6086-04 8.576t-05 '.687E-CS 1.4545-04
610 1.728E-04 1.5855-04 8.5C66-05 .610E-05 1.469E-04
640 1.724E-04 1.5695-04 8.465E-05 e.5935-05 1.460E-04
671 1.718E-04 1.543E-04 8.441E-05 7.5496-05 1.4566-04
701 1.669E-04 1.5536-04 8.460E-05 7.491E-05 1.461E-04
732 1.651E-04 1.551E-04 8.3536-05 7.439E-05 1.452E-04
762 1.6501-04 1.564E-04 8.437E-05 7.449E-05 1.4•1E-04
792 1.6316-04 1.554E-04 8.361E-05 7.266E-05 1.457E-04
823 1.599L-04 1.503E-04 8.270E-05 7.1946-05 1.4391-04
853 1.599E-04 1.442E-04 8.270E-05 7.227E-05 1.436E-04
884 1.607E-04 1.399E-04 8.210E-05 6.9285-05 1.437E-04
914 1.599E-04 1.406E-04 8.202E-05 6o818E-05 1.447L-04
945 1.6116-04 1.380E-04 8.197E-05 6.547E-CS 1.4255-04
975 1.621:-04 1.3595-04 8.1756-05 6.496E-05 1#4105-04

1006 1.6166-04 1.33S6-04 8.104F-05 6.378F-05 1.347E-04
1036 1.594E-04 1.3606-04 7.943E-05 6.389E-05 1.329E-04
1067 1.561E-04 1.371E-04 7.839E-05 6.434E-05 1.323F-04
1097 1.542E-04 1.352E-04 7.783F-05 6.496F-05 1.314F-04
1128 1.535E-04 1.300[-04 7.761'-05 6.4636-05 1.313L-04
1158 1.522E-04 1.260E-04 7.697E-05 6.317E-05 1.305E-04
1189 1.510E-04 1.241E-04 7.639E-05 6.173E-C5 1-296E-04
1219 1.509E-04 1.2175-04 7.635'-05 6.124E-05 1792E-04
1250 1.h01t-04 1.150E-04 7.624-:-05 6.032E-(13 1.302E-04
1280 1.500E-u4 1.156E-04 7.566E-05 5.9356-05 1.286E-04
1311 1.5041-04 1.1380-04 7. 4 59F-05 5.8816-05 1.264E-04
1341 1.4886-04 1.125E-04 7.3711-05 5.829E-05 1.261F-04
137ý 1.4655-04 1.119[-04 7.291F-05 5.u38E-05 1.258L-04
1402 1.446b-04 1.0936-04 7.235E-05 5.827E-05 1.25ýW-04
1433 1.449F-04 1.092E-04 7.194E-05 !.815E-05 h259E-04
1463 1.455E-04 1.083E-04 7.197F-05 5.8206-05 1.264E-04
1494 1.4516-04 1.062E-04 7.121E-05 5.693E-05 1.251F-04
1524 1.4386-04 1.052L-04 7.140E-05 5.5985-05 1.2426-04
1554 1.4296-04 1.042E-04 7.053F-05 5.5606-CS 1.240E-04
1585 1.425E-04 1.022E-04 7.014E-05 5.499E-05 1.241E-04
1615 1.421t-04 1.022E-04 6.983L-05 5.4926-GS 1.240E-04
1646 1.402E-04 9.986E-05 7.059E-05 5.442E-05 1.228E-04
1676 1.318E-04 9.879E-05 7.063E-05 5.376E-05 1.2285-04
1707 1.1575-04 9.799E-05 6.983E-05 5.232E-05 1.201E-04
1707 1.360L-04 9.660F-05 6.964E-05 5.329E-05 1.1886-04
I7bd 1.34G0-04 4.655E-05 6.847F-05 5.225E-05 1.181E-04
1798 1.317E-04 9.6816-05 6.693E-05 5.196E-05 1.17SE-04
1829 1h8?7-04 9.681E-05 6.602E-05 5.1966-05 1.170E-04

FIRST OATA ALT. 12 14 12 12 12

LAST DATA ALT. 61 61 61 61 61
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FLIGHT NO. 82 1 FILTER NO. 1
BEAN TRANSMITTANCE FROM GROUND TO ALTITUDE

AITIruTE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
M&TLRS 93 95 lO0 105 120 ISO ISO

305 .3370547 .5234628 .7226273 .8041593 .8933065 .9369376 .9451500
610 .1159389 .2606586 5284861 .6518946 .8013295 .6799649 .8951701
914 .0422149 .1575429 .3955182 .5366967 .7245984 .8302B50 .8512335

1219 .0158330 .0910835 .3004224 .4462699 .6585949 07857407 .8115386
1524 ,0061482 .0544126 .2319717 .3751927 .6020296 .7460403 .7759057

FLIGHT NO. 82 I FILLER NO. 2
REAN TRANSMITTANCE FROM GROUND TO ALTITUDE

ALTITUUE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 100 LCs 120 150 180

305 .3770828 .5596400 .7472620 .8224505 .9037693 .9432566 .9506678
61C .1439827 .3188860 .5634686 .6805378 .8193660 .8013463 .9051884
414 .0569415 .1875764 .43171Bk .5691768 .7469760 .8449938 .8642777

1219 .0247212 .1179173 .3419917 .4868098 .6889144 .8064263 .8300087
1524 .0119479 .079A352 .2011903 .4268945 .6436353 .7753664 .8022608

FLIGH7 NO. 82 I FILTER NO. 3
BEAN TRANSMITTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE JF PATH OF SIGHT (DEGREES)
METERS 93 9A lO 105 120 150 IO

305 .5634881 .7107790 .8425276 .8913998 .9422272 .9662261 .9706a39
610 .3292118 .5194398 .7190207 .8020625 .892102C .9362068 .9445115
914 o1972976 .3877316 .6215552 .7268426 .86477665 .9090553 *9207424

1219 .1202245 .2940761 .S410217 .6622272 .8078792 .8641109 .8988210
1524 .0749418 .2274632 .4755841 .6073565 .7725066 .8615497 .8789236

FLIGHT NO. 82 1 FIL7E9 NO. 4
BEAM TRANSMITYANCE FROM GROUND Tf. ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 100 105 120 150 180

305 .6231177 .7546311 .86822e1 .9095528 .9521114 .9720651 .9757619
610 .3908037 .5746085 .7572276 .8297934 .9079371 .9457656 .9528574
914 .2495651 .4445969 .6657495 .7611229 .8682334 .9216622 .9311904

1219 .1667307 .3552343 .5948304 .7057301 .8349291 .IOI0821 .9137445
1524 --- 11417n3. .2894800 .5367611 .6587238 .8056640 .6827098 .8975879

FLIGHT NO. 82 I FILTER NO. 5
A BEA TRANSMITTANCE FROM GROUND TO ALTITLDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 100 IC5 12C 150 18c

305 .3V94168 .5791376 .7602174 .8319902 .90918C5 .9465131 .9835096
61C .1621544 .3420573 .5836595 .6968040 .8294459 .897660B .9107392
914 .0668092 .2058659 .4523790 .5873107 .7592018 .8529513 .8713219

1219 .0258243 .1287118 .3573622 C5G13827 .6995137 .8135665 .8363694
1524 .0127858 .0826522 .2861213 .431908F .6475377 .7760'71 .8046973
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FLIGHT NO. 82 1 FILTER NO. 1
PATH RADIANCE PROM GROUND TO ALTITUDE(WATTS/STER.SQ.M MICRO M.)

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREE3I
METERS 93 95 LO ID5 120 ISO 180

305 4*439E-06 3.076E-06 1.625E-06 1.035E-06 4.192E-07 I.681E-O? 1.30SE-07
610 6.155E-06 4.796E-06 2.840F-06 1.890E-06 7.9928-C? 3.253F-07 2.527E-07
914 6.7"E-06 5.7231-06 3.718E-06 2.5701-06 1.131E-06 4.661E-07 3.622E-07

1219 6.703E-06 6.023E-06 4.243E-06 3.C43E-06 1.398E-06 5.893E-07 4.596E-07
1524 6#709E-06 6.230E-06 4.657E-06 3.446E-06 1.647E-0 7.102E-07 5.5631-07

FLIGHT NO. 82 1 FILTER NO. 2
PATH RADIANCE FROM GROUND TO ALTITUDE(VATTS/STER.SOQ. KICRO P.)

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
MeCltRS 93 96 10C 105 120 150 180

305 4.69aE-06 3.209E-06 1.681E-06 1.071f-06 4.356E-07 1.7458-07 1.350E-07
610 6.412t-06 4.940E-06 2.896E-06 1.924E-06 8.166E-07 3.323E-07 26573E-07
)14 6.852F.-06 S.7S9E-06 3.?11E-06 2.562E-06 1.133E-06 4.6818-07 3.626E-07

1219 6.776E-06 6.039E-06 4.193E-06 2.993E-06 1.377E-06 5.811F-07 4.519E-07
1524 6.658E-06 6.142E-06 4.502E-06 3.301E-06 1.572E-06 6.782E-07 5.296E-07

FLIGHT NO. 82 1 FILTER NO. 3
PATH RADIANCE FROM GROUND TO ALTITUDEIWATTS/STER.SC.P MICRO N.)

ALTITUGE ZENI1H ANGLE OF PATH OF SIGHT (DEGREES)
MkTERS 93 95 lOc ICS 120 ISO too

305 3.569E-06 2.288E-06 1.139E-06 7.118E-07 2.867E-07 1.0878-07 8.344E-08
610 5.475E-06 3.799E-06 2.0288-06 1.299E-06 5.354E-07 2.049E-07 1.572E-07
914 6.5638-06 4.853E-06 2.7528-06 1.804E-06 1.55SE-07 7.928E-07 2.241t-07

1219 7.186E-06 5.600E-06 3.350E-06 2.24SE-06 9.534L-07 3.780F-C7 2.895C-07
15Z4 .... 7.4211E06 6.053E-06 3.804E•06 2.602E-06 1.129E-06 4.5711-07 3.514E-07

FLIGHT NO. 82 1 FILTER NO. 4
PATH RADIANCE FROM GROUND TO ALTITUDE(WATTSISTER.SQ.P PICRC P.)

ALTITUUE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
"M8TERS 93 95 100 105 120 ISO 180

305 2.128E-06 1.365E-06 T.023E-07 4.579E-07 2.0536-07 9.453E-08 7.644E-08
610 3.419E-06 2.352E-06 1.284E-06 8.530E-07 3.8788-07 1.785E-07 1.442E-07
914 4.216E-06 3.069E-06 1.761E-06 1.189E-06 5.45SE-07 2.491E-07 2.003E-07

1219 4.672F-06 3.5588-06 2.133E-06 1.463E-06 6.8038-C7 3.1108-O? 2.499E-07
1524 4.860E-06 3.857E-06 2.4088-06 1.678E-06 7.9388-07 3.657E-07 2.94%E-07

FLIGHT NO. 82 1 FILTER NO. S
PATH RADIANCE FROM 6ROUND TO ALTITUDEINATTS/STE8.SQ.M MICRO M.)

ALT 1 UDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
M.TER$S 95 100 105 120 150 180

3ý5 4.664r-06 3.157F-06 1.4541E-06 1.042E-06 4.185E-07 1.688E-C? 1.3078-C?
o10 6.327E-06 4.P6E-06 !.799E-C6 1.852E-06 7.859E-07 3.208E-OT 2.4956-07
414 6.8488-06 5.684c-06 3.61.2-06 2.482E-06 1.110E-06 4.671E-07 3.5651-07

1219 7.08bE-06 6.203E-06 4.230Ef6 3.0008-06 1.385E-06 5.837E-07 4.563E-07
151 7.044E-06 6.42E7-06 4.659E-06 3.4058-06 1.624E-06 7.054C-07 5.541E-07

Sg6-19



FLIGHT NO. 82 1 FILTER NO. 1
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (CEGREES)
METERS 93 95 100 105 120 150 180

305 1.3161 00 5.8121-01 2.2471-01 1.287E-01 4.689E-02 1.793E-02 1.3401-02
6E0 5.3050 00 1.7081 0O 5.3702-01 2.897E-01 9.9656-02 3.694E-02 2.*21E-02
714 1.601L 01 3.630F 00 9.393t-01 4.784E-01 1.5592-01 S.6o0t-02 4.251E-02

1219 4.2302 01 6.608L 00 1.411E 00 6.813L-01 2.121E-01 7.493E-02 5.6591-02
1524 1.090E 02 1.144E 01 2.006E 00 9.1781-01 2.734E-01 9.512E-02 7.164E-02

FLIGHT NO. 82 1 FILTER NO. 2
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUCE ZENITH ANGLE OF PATH OF SIGHT IDEGREES)
METERS 93 95 100 I15 120 IS0 180

305 1.235E 00 5.685F-01 2.231E-01 1.291E-01 4#779E-02 1.8342-02 1.408E-02
610 4.416E 00 1.536E 00 5.096E-01 2.803E-01 9.8811-02 3.696F-0? 2.811E-02
914 1#193E 01 3.044E 00 8.5231-01 4.4631-01 1.5041-01 5.492E-02 4.160E-02

1219 2.718E Ol 5.078E 00 1.216E 00 6.096E-01 1.981E-O1 7.145E-02 5.398E-02
1524 5.525C 01 7.627i 00 1.587E 00 7.667E-01 2.422E-°01 8.672E-02 6.5461-C2

FLIGHT NO. 82 1 FILTER NO. 3
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 100 105 120 SO 180

305 6.3562-01 3.2302-01 1.356E-01 8.012E-02 3.053E-02 1.1299-02 8.6261-03
610 1.669E 00 1.338E-01 2.8272-01 1.626E-01 6.023E-02 2.1961-02 167OE-02
914 - 3.3381 00 1.256E 00 4.4131-01 Z.491E-01 8.9421-02 3.232E-02 2.442E-02

1219 5.997E 00 1.9111 00 6.214E-01 3.4021-01 1.1842-01 4.291E-02 3.2321-02
1524- ..-. 9.93bE 00 2.670E 00 8.0251-01 4.299f-01 1.466E-01 5.324E-02 4.0121-02

FLIGHT NO. 82 1 FILTER NO. 4
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE Of PATH OF SIGHT IDEGREES)
METERS 93 95 100 105 120 150 180

305 8.5491-01 4.524E-01 2.02SE-01 1.260E-01 5.396E-02 7.434E-02 1.961E-02
610 2.190E 00 1.025E 0O 4.2431-Cl 2.5?3E-01 1.069E-01 4.72SE-02 3.74TE-02
914 4.ZZ9E 00 1.728E 00 6.622E-01 3.9122-01 1.5731-91 6.765E-02 5.381E-02

1219 7.014E 00 2.507E 00 8.974E-01 5.189E-01 2.0401-01 846401-02 6b.52E-02
1524 1.066E 01 3.3351 00 1.123E 00 6.377E-01 2.466E-01 1.0371-01 8.2031-02

FLIGHT 4O. 82 1 FILTER NO. S
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEC-REES)
METERS c)3 95 100 lOS 120 ISO I18

335 1.095E 00* S.1IE-01 2o0241-01 1.174E-01 4.315E-02 1.6721-02 1.28SE-02
610 3.658E 00 1.323E 00 4.496E-01 2.492E-01 8.ii83E-02 3.350"-02 2.5682-02
914 9.610E 00 2.588E 00 7.489E-01 3.963E-01 1.3702-01 5.024E-02 3.836k-02

1209 2.3051 01 4.518E 00 1.110E 00 5.610E-01 1.856E-Cl 6.726E-02 5.11ýE-02
1524 5.165E 01 7.290E 00 1.5271 00 7.391E-01 2.351E-01 8.499E-02 6.45•E-02
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FLIGHT 821!

Moonlight. This part of the flight started at 0226 local time, over an area approximately 65 km east of

Khorat, and ended at 0327. The terrain was flat. The vegetation consisted of forested areas of small de-

ciduous trees with flooded rice paddies scattered among the trees, The cloud cover had changed suffic-
iently from that of Flight 821 to reveal the moon, In addition, a conside.-able number of lightning flashes

were observed in the norlhwest directioo.i Moon phase angle was 1020; moon zenith angle rauged from 590

to 530 during sky radiance data-taking.

62
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FLI(Jif 11:, FI FI L T Ntf. I

ALT ITUUF~ L.' ii' C AL A4 SA. AL A R SCALAR SCALA:4

331 7. 4 qA- -h *) .7tll o-,6 7! I.7j>K_-(4 1.(?1. -135 I.A72'.-04 .19;.

601 9.664v-15 1'.4,19-O .0iV, 1.999Pz:-U4 I . ol-S ý,.I 9C 1-04 .090

1 23) 1 .6 7 2 -4 7.3-' .5i44 1. 106E-04 7.4,6,'-05 3. 5S2ý-O4 .)7->

F L II 6H) '4.'ý f (LY T 40. 2

ALT! rUtE GO 'A 14- UP- ý;C A L A Sr ALAIR SCALAR ýICAL AR
(ME TERS) IVLLIN($ Wd-LL1: AL"'P:)O DOUWNW( LLING U.'WcLLING TCTAL P4LBEOC

6J 3 ~.5.)4L-. 7.7637:-o6 IZA1 1. 4 36 f- 04 3.003v-Os 1.706,-C4 .214
,).:I 7.453E-05 1. k63E-05 .156 1.t8-Bi-04 3.063r-05 1.aert~-04 .1)
t231 9 .3 6 ) ý-ý:5 9. i.14 :-. . f)06 1 .16". E-04 ` 2.914.;-OS 2.254.-04 .148~

i?1 1.2CJ0t:C4 1 .n1 1;JI-f .0;-4 2.467E-04 2.957;--0!) 2.763C-04 .120

FLI-MH %0.3 1 IlLf-' 4%. 3

ALTITUDE D c1% - Ui- SC AL A; 'CALAý !,CALARt SCALAR
I vF T:-R S) %%I-LL ING WCLLINz; A L ,- OU 1U('W;-1WLLIfl.; UPbtLL1NC, TGTAL ALB3EDfl

332. - 5.9tL'L-u5 ..1:-a 1*5 f c !.721t.-r~i 1.537s--04 .215
603 7.1.417--5 6. o 17 1.'.,,3L-104 2..9791--OS 1.1141'-034 .161

1237 7.40O-05, 1 .'~: 0 X, 1 146 1.5~thý-r~4 3 .3 2 r,!-)5 1.e8~ .21,4

1831 1). 51) .7 1 v4 5 -.1 ,,1 2. I241:-n4 S. 127i.-05 2.437,.-04 .147

FI.TiH 'U. .l I I F 1LTfY. 40'. 4

ALTITUDE 1d(Ik.N- tP- SCALAiz SCALAR !,CAI.A, tCALAf;
(METFAS) WELLING ViLLING; ALe,0fl 0OWrNWELLING UHWbt.LIN(; ICTAL AL31DO

332
594
921

L236
1529l

FIALN-I N.6O'2 It F [L111' 1.U. ~
ALT!I TU!)E %,41li- Iu- ý&AL, 4t ~ iCALAdl SCALAR SCALAPd
t~iTwMS Wt-LLIi.LI *L LI NI!' ALV¶Zfl( flU*0N", ALIN(' UPWC-LLINt1 TOTAL AL8I1rn

606 A.21 .~.4 -'L6 1;1! 1 . 7 1 Ir.- 4 2.435r:-05 1.946t:-04 .143
912 4 . 6 ,F;.-~. I .1" '-~,) .' .xf)::-04 -1 o,3 7 i C5 1. 364.-0C4 -'86

L53L, 1.u..4 11'~J .V .4lt-04 3.lI6&-'5 2.9681L-04 *120
1 J3ý 1.to.34 -1)4 1 ~K'-; 0' 3.67it-O04 4.054"--05 4.081!.-04 . 110)
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I

AZIMUTH OF PI2H ul- SIq.HT 2 i
DIRtCfIONAL AFLICTANCE CF BACKG3U0NO

ZENITH F ILT¼S• %
ANGLE 1 2 5 3 4

(3 .43339 .74216 .320)o .66526
95 .20diI .39534 .18790 .46,356

100 .1164,4 .28u3 .15859 .16188
105 .103()n .240110 .12665 .13676
120 .07947 .143a1 .09017 .11544
15,0 .04119 .1371L .00942 .13022
180 .12tA7 .12q41 .06594 .10770

FLI ;H .40. 4 1";
AZIMUTH OF PATh OF SIGHT = 90

OIR4LTIONAI. ,48FLCCTANCC OF BACKGROLJL)
ZENITH FeLTr-

0
S

ANGLE I - 5
93 .56597 1.16664 .61488 1.56846
95 .28193 .Z1550 .32304 2.30101
100 .12893 .27)339 .14001 .21015
105 .11644 .Z4581 .11920 .14126

-1Z0 ....,.'. .15113 .IC022 .12137
150 ftKc

90  
.13635 .0759? .09526

1,0 ,42847 .12941 .06t94 .10770

FLItiT NO. $2 11
AZIMUTH UF PATH f4 5JGHT = Id-

Ia-RLII.INAL iEFLECYANCE OF UACGKGUUV-.
ZENITH rIt Tt6'S

-ANGLE 1 5. 4

93 .577b, 1.21153 .63432 1.17753
S__ - 9.... .lal .449710 .3)215__ .61315

0oo 3lreo .?,6?6 .12896 .17460
S10.06 1o/ .22246 .11ý54 .13355

120 .06123 .19g5! .11240 .12948
-15) .05351 .1456q .0.,373 .12041
I18 .12847 .12121, .06594 .10770

FLIC;Hf NO. -2 11
AZIMUTH Or PATH Of SIGH) - 276

OIRILCTIONAL "EFLECTANC5 OF 8ACKG,(0UN:.j
ZENITH r ILTf'IS

ANGLL 1 ? 3 4
93 .. 11 '548% .24033 tq.929
-5 5 12274 .30235 .1•12 .26609

lOo ., I 36Z .2709,S .12264 .14102
10 .,.741) .19534 .11?33 .):)783
1213 .O)T71 1 .]7S%,I .10492 .11859
"It, - -,•;,5, .13 d10 .008236 .11349
SI) .12441 .1294i .-J&-594 .16770
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:4)tr 'E Ij w'. 1- HI F 1. 'G H1 ',1'.J f) Li-VF.L ALTITUtE P ), ;P? I I'I,}

ALT IUJE Tr:ri, SCATTERIN'qG COEFFICuENr (PolR mrEy1i;)
S4ET4"RS ) F I L Tr-:'. ,

', -,)4 1. 94'.-f)4 1.24M1-e4 I . n6?f. -1,4 1. '1gj-04
30' 7, -14 t . 'A3 .: - ". 1. 2?0'ý-:4 1 ,si.-ý,' 1.911 -- 14
61 Z.','; -04 1.b•A2'-04 1.2V, -04 1.055L.-04 1.9i51 -04

I. 11. 5:"1 . -C4 .,17'i -J4 1. ?1 2F -04 1.05245--'4 ].97OC-04
W-4 1,,- t .,-04 1. 1¾-'4 L .I04 Rr.-04 I .9311 f -04

It,' •.'•l -.-•, 1 ,.. 1 . 2 ,4o - .! 4 1 ,0¢45C.-C4 ; . 96%1;-0•4

:'.,,-4 7 4 ' -4 i. 1.2001;-4 1.041;i-(4 1.49-M-04
?.s1 3. 4)•.1-.4 1.4/50'. 4 1. 1'4,ý -44 1. n,4,-J4 1.S2' -9)4
244 40.',; -4 1 .444 '.-O,4 I. 1 4-, w -4 1.0234t- o .9245, -04

,174 ? . ",& -- 4 1. i 't 4: 1.J "t;I. --1 4 L.0310 -- j4 1.93 4o--'j4
30•5 .471 | :-n4 t. •, -14 j . L.,4.' :-04 1 * 2t;. '. CA I .• 93 ? -,j4

3s5 2.4270# -- ,4 . .3 .-?Z..-.4 1.1 F;3 -')4 t.074f'- it 1 .1268 -04
3b1 2. 94 A,. -:.4 1.794;-o4 1. 14U.-1)4 1. 13S' .- r4 1.392(,t -04
3916 2. 766L.-14 I . ?"-.4 1.11l -4 .1o07"-4 1.'e73?-04
"4ý7 2. 2'3-'-04 1 .7 Of7- 1.12"--14 1 .01 IC-,'4 I . 6,SV-04

457 ;. 1"L71:-04 1.1 R,• -04 1 . 11-'0 -4 1. , -4 1.,;22,-4
41W* t? J";-• . 84P"ý-,4 to I 3N':-fj4 4•o6 .43 --.ni I.7W4-04
41L 1. 9 "*.','4-04 1. 9tdsl;--40)41.? !.*4:-u) e,.,43:.--r5 1. (,92i--04

14 4 1. 9 73;: -04 1.933 7--j4 1. 143E-114 8. Q06.- c 1.687t-04
,j79 1.9591;-(14 1..972: .- -:/ 1. 13.3-54 R. 77 h:;- W) I. 64CF -04
t,1006 .74--4 1.S81,.-,4 .101 -' .4 '3. d29"-;5 1.4657:-04
640 1.977E-04 1.7P I .I.-'34 I . ,-:4-9 9.1lq"-15 1.379,-04
,'.?7 1.990C-0'4 1 ..- U4 I 9.,' )3l-14 1.7' -PS 1.73C-04
701 . OZ .- n4 .7511!--04 1. t,3-'4 7. 1'-.5 1. t,77'-04

732' -. 0221-0.4 1 .737':-".4 1.3Z),' 1'.-t 4 6. .3.- IS 1. 662,; -04
to?. 2.016U-4 1 .631,:-04 I.07"'4-'•4 . I. +7-, . 13.54' 4-04
02 1'j.S9*M- )4 j.5,--'Y 1 '.t'1-4P .9132d3 -0, 1.6551'-04

-023 1. . Y E4 : t -. )4 1. S 39;.-14 -9. Er 2.:-u5 e. 60 ,--05 1. ,,49c-04e•53 1. 93 1FL:-'4 1 .!549"::-$4 9.? .F 0 t'4 ,-5 1. 618'--04

___884 '.g0bL--'4 1.571::-04 . 9. 6561:-.5 %.283:.-r,5 1.299--04
914 1. 896L-a,4 1. 7t' -- 4', 1.9034 -05 8.:1 6 4 .- i l. ,6Cr4 -04

1.45 ,. R3T-o4 t.716.-04 1.84217-05 7. q23::-'5 1.52701-04
.1.14 . GI1 -04 ".')1- 7.79'4*- "-5 1.S1q:'-04

1006 1. 7 ?.-. 1 . -XI1*-f'14 7,. h 3 *-OS 1.467L,-n4
Io 6 1. 7 P.,"--14 1.,512r--,14 1). 94 4,"- f', 5 7. inr~v-r,5 1.,447;-'-04

10S7 1T• /l"' -- '14 1 . 4 2,P7-f)4 9.cJ31--05 l..'-u 1.4311-04
101 I7 1.7?.t-j4 1.41111,-04 '1. 3t31-Q 7. 11l4i-L '. Y.q.-.:4
6.22 4. 7,1..--4 t..4`,-04 1. t ;5 1.370'-04
1 L'j 1 .6 ( , 5-1,14 1 . 3v'.- 1)4 A. 95 31:-)'j 6. 847r -. 5 1.3461 ?,'- 0
I ldq 1.,'-,73:-04 1 . ;'i%1-0-4 8. 729C-,05 t. s%93;:-:5 1. ..0 7 ,:-04
12 ,') I . ,,7" -o.4 1l.7tI,;r-04 8o.54 01-C)5 6."447.--':S. 1. ,12,%-'.)4
1 2J 0 1. ,,4- -,)/# 1. 166%.-J4 4,. 4 j 6:-,) 5 6. n6, .- G5 I . 79 9':-0 4
12 t) 1.591l -14 1.117--)/, a.3761-05 6.2,"•-! 1.;78 -04
1311 1 . '),; L'.•-'z f 4 t. iq3 - 14 a. 2141:,-ý 6.272ý-"5 1. 273k-i-04
13't1 1 . '.,V). -. +4 1 ell V';-04 j. 07¢,•-Vl5 6. C.67,--,)- 5 1 . *e .-9 04
1372 1.5' .r - Ik oOW)b '-J 4. ri. 02;, 6. .125.!-r s• 1.2431 -04
14 Jý' I. ** - Y4 1.ot! •-Ol S.C12.-'-'5 '-.962 1;-05 1.270::-04
1433 1.*"1,'.); -1]4 1.1641-r 0 .O9.OJ'.:--,5 ,•963,3 •-r.,5 1. 2M6-04

1O 1. *',7" -.- 4 1. 1ýb i-;: - f.' 1. 95) 7-? 9. f) 0 -c5 1. 248.-(,4
14M) . q •' I . Of T7.,- .)4 1 . ;Ib -) 16. • , - 05.1(1 ~ 1.231t:.-04"
15'14 t .471"1 -- " 4 tL*C-? ), -- J4 ".S • - h. , .1 :- 5 1.222s:-04
15'-.14 1. 4 / ý --;P1'4 ". VJ5'J ".- 14 1. 4',Is,. 1-'' 1.bt,:-; .7;44,-04
!S-15 L.,7? " -- )4 1. 1•:• b .41 71- ' 1, .. 6 1 -,5 .20 11 -04

1646, t.,41 , :-i "l. 7"? - ,q!. 1. ',7,7-,r .,5,7 5' 1.124s-04
14 76 .:1-%, -;4 0 . k , -) 1, -0q 6 - • . 3 . t5 * I :
17)7 1. 1j.t . q,- . '7 ,- .. .- ' 1.1,03, -14
L7j/ I1. Sl1; -- '4 rl.4W,'•--),5 ).4.- 5 ,.I . - ;, 1.101%.-14
176,3 1. 3•12--,' A ) ., ,i5, _1 -1' . ,•::1 3 • *' . ,1192 7-0'4
t114b 1.* 305i-'--14 ) it ? %,-"f 1. dj7 1* -,4 Y, t;) rt I . 0.^5 -0 4

J "Id-' 1. J') . -. 4 ".30 i -,, 6.,),! 1,.-: . ;131 7-f. 1 Ce.(•J,.-

FIRST OATA ýLT. 11t 12 12 1? .

LAST DAtA A'L T. I, , 0O ~
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FLIGHT NO. 82 It r (LTrft NO. 1
3EAM TRANSMITTANCE FROM (ROUND Tli ALTITUDE

ALTZIUi)E ZENITH ANGLE OF PATH OF SIGHT IDEGREES)
MtTER4 93 95 100 105 120 150 180

305 .22a4094 .4152668 .6433312 .7438305 .8579659 .9153536 .9262645
610 .0623783 .1949400 .4401435 .5766051 .7520065 .8482747 .8671831

I.914 . 01.,0Z85829 .0977741 .311303U .4570503 .6667828 .7913659 .8165617
1219 .00a1slb .0530282 .2289905 .3719508 .5993313 .7441060 .7741649
15Z4 .00223e0 .0307018 .1742850 .3097008 .5451203 .7044721 .7383226

BEAM TRANSMITTANCE FROM GROUND TO ALTITUDE
ALTITUUE ZLHNrH ANGLE OF-PATH VF SIGHr (DFGREES)

MLTtRS )3 '45 100 105 120 150 180
105 .3346653 .5212710 .. 7210937 .E030135 .8926494 .9365385 .9448013
hlo .1102467 .2723603 .5205867 .6453393 .7971482 .8773110 .8928316
914 .Og•Oo398 .1522530 ... .3887959 .5305594 .7202974 .8274360 .8487034

1219 .012940o .0917477 .3015201 .4473632 .6594296 .7863155 .8120527
1524 .007769? .0626304 .2489399 .3933913 .6169725 .7566759 .7854760

FLI;HT NO. 82 II FILTER NO. 3
8EAM TRANSMITTANCE FROM GROUNO TO ALTITUDE

ALTITJDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 100 195 120 150 180

305 .4929703 .65o4124 .8095417 .8678315 .9292484 .9585194 .9639753
610 .24j7267 .4402224 .6624536 .7585928 .8667382 .9207455 .9309878
914 .1314613 .3058876 .5518212 .6710673 .8134437 .8876210 .9019112

1219 .0725139 .2196631 .4673275 .6002618 .7678223 .8585295 .8762547
1524 .0427677 .1653653 .4,52560 .5455266 .7307451 .8343441 .8548363

FLIGHT NO. 82 II FILTER NO. 4
BEAM TAANSMIT1ANCE FROM GROUND TO ALTITUDE

ALTITUDE ZFNITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 100 1CS 120 150 180

305 .5411923 .6939041 .8324279 .8842164 .9382891 .9638924 .9686532
610 .3036113 .49'2396 .7027888 .7892797 .8847138 .9317225 .9405923
914 .1768357 .3037793 .6019.7M7 - .7114016 .8383956 .9032402 .9156395

1219 .1114655 .2a18879 .5296487 .652,"947 .8019402 .8803520 .8955112
1524 1t .0747243 .2278948 .4760368 __.60?7#,4 .7727619 .8617140 -8790688

------------FLIGHT NO. t2 II FILTER0 __5
BEAM TRANSMITTA•.CE PROM GROUND TU ALTITUDE

ALTITUDE -------- ZENITH ANGLE OF PATHOF SIGHT (DEGREES)
METERS 93 )i100 105 120 15,; 180

.05 . .3.... 51721 .5329812 .7082614 .7934131 .8871091 .9331781 .9418647
610 .1T74079 .2tb4103 .5167837 .6421725 .7951209 .8760221 .8916955
9IJ,_•__ .b __ .1509121 .3870735 .5285d13 .7191876 .8266997 .8480493

1219 .0158977 .0915463 .3011877 .4470322 .6591770 .7861416 .8118972
- - 1524 s- , 0.QA9.%9 .0C88920 .2413677 .3653221 .6103890 .7520037 .7012740
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AZIMUTH OF PATH OF SIGHT
FLIGHT NO. ,2 ,I FILT'W Nr. 1

RATH I•AVIANCE FJM ,ROU41I[; TI' ALTITUDt( ATTSjSTE1.'oC.0 MIGRO N..
ALTITUDE lcNIrH ANGLF OF PATH OF SIGHT (DEGREES)

MeA 93 ) 101) 105 120 1,0 Ic0
it,5 2.3 68F-t'S 1.630L-05 0.275V-06 5.061t-06 1.7470-06 5.754E-07 4.348E-07
oad 2.889h-05 2.279r"-05 1.3Z31-05 8.471T-Oa 3.098c-06 1.049t-06 8.025E-07
014 3.9011-05 3.103r-05 1.8O0F-05 1.232E-05 4.631E-06 1.587E-06 1.?28F-06

1219 4.880E-U5 3.958E-05 2.4016E-05 1.644E-05 6.309E-06 2.194.-06 1.723E-06
152.4 4.615h.-05 4.043E-05 2.744F-05 1.d71'-05 7.4791--06 2.680E-06 2.134E-06

FLIGHT NO. ,Z II FILl•h' 40. 2
PATH RADIANCt FROI'P .RLOUNI, Tf. ALTITUIL (WATTS/STE,.S,.; MICRO fl.)

ALTIIUO0 ILNIIH ANULL OF PATH (F SIGHT (PEG'EFS)
M.ETFRS 93 1'1 100 105 120 15, 130
'Q5 9.6RuF-06 6.40*-ub 3.341t-06 2.106E-06 8.438;-07 3.505)-07 2.847-:-0?
,10 I 1.522E-05 1.127F-05 6.436F-06 4.1921-06 1.71

9
6-06 7.060--07 5.o 96.-'-07

914 "021L--0• 1.5781-OS 9. 42E-06 6.32RE-06 2.634E-06 1.067F-06 8.540v--07
1219 2.492E-05 1.99dr-05 1.250b-05 8.395E-06 3.537E-06 1.429F-06 1.1456-06
1524 3.O08E-03 2.416E-J5 I.I.G-G5 1.031E-05 4.3526-06 1.054'-06 1.413--06

FLIGHT NO. 32 II FILT.l-0 NO. I
PATH-AUIANME FROM GROUND TO ALTITUUE(WATTS/STLAt.bQ.. MICRO m.)

ALTITUOE ZENIIH ANGLE OF PATH OF SIGHT [lrEG'EE.)
- ETO'S -93 93 100 10)5 12') 153 10

305 10059E-05 6.372t-O- 3.066E-06 1.P31F-06 6.699L-07 ?.5291--07 1.991,--07
01) 1941-Qb 1_131t-05 5..381- 06 3.564b-Ob 1.323F-06 4.9471--07 3..,93":-07
314 1.8bO0k-,5 1.37,,)F-0% 7.657E-06 .d14•.-06 1.838E-06 6.912E-07 5.442 -07

1219 1.•90hE--05.-- 1.504E-05 8.954L.-0-6 5o.78E-_O6 2.289k-06 8.813f-0- 6.986,-07
"!)?4 2.7

9
0C-0' 2.089E-U5 1.208E-05 7.740E-06 3.023E-06 1.152'-06 9.190-07

FLIGHT NO. 82 II FIL11 NO. 4
PAT;, A•1Ar1AkE F.AOM GROUND TO ALTLTUDE(WATT$/.TER.S.Mv MICRO t.)

ALTIrUr-0 ZENIIH AN.GLE OF PATH OF SIGHT (DEGREES)
ME I e, 13 95 100 105 129 150 I dO

305

"014

1219

FLIGHT "0. .'2 1 FILTt' NO. 5
PATO .A:A)IANC; F',3 '.ROUNi) TO ALTITUOE(wATTS/ST&R.Sý'.M MICRG M.)

ALTITU3;E ZoNIIH ANILv. IF PATH OF SIGHT (DEGM.ES)
m0TL•1R3 ')5 lO In5 12u 13r, I 0

30% 1. 74tL-O5 1.1430-35 ,'.7V7f -06 3.491E-0o 1.207E-06 4.824f-07 3.944'-07
A1) 0 2. 32.:-L5 1.74W,1 -5 9. 7b8( -Ob 6.18u.0.-06 2.341z-06 8.964E-07 7.291-17
)14 /.105--05 I.OI .--"5 I.158c-•5 7.719E-06 3.121E-06 1.233E-06 9.970 -07

121q 2.i2TE-65 1.946E-05 1.3.Z'-05 9.068E-06 3.8600-06 1.569F-06 1.262•-36
1524 3.05IL-05 2.5011-05 1.649L-05 1.133r-05 4. 850L-06 1o970L-06 1.585E-06
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AZIMUTH 0ý PATH OF .Ii,HT )nX
FLIGHT NO. 82 11 PILTL.i '.0. 1

PATH RADIA.Ntk FROM uROUNI2 TO ALTITUOEIhATTS/STERt.S9.fr MILRO M.)
ALTITU:1E LINI1H A-NI;L1E OF PATH OF SIGHT (DEGREES)

WhT.RS 93 95 10') 105 120 15^1 181)
30~5 9.143E-06 6*544C-J4 3.729E-06 2.505E-06 1.154E-06 5.4702-0? 4.3485-07
(do 1.130E-05 9.279f-06 -).988E-O6 4.229F-06 2.052E-06 9.966F-07 8.025E-07
)14 1 ,41t3L-05 125-.5 8.212CL-06 6.042E-06 3.O59t:-06 1.514F-06 1.2282-06

k129 1.60O2-Ob) I.
4

5
4

L-0OS 1.-)44---05 7.833E-06 4.121E-06 2.100E-06 1.723F-06
1',,4 1.639t-05 1. 5162-05 1. t,98i--05 8.963E-06 4.896E-06 2.569E-06 2.134E-06

FLIGiHI NO. 82 11 F1L.Tt' NC. 2
PATH RA';IANCE: FROIW ROUU40 TO ALTIIUuENpATTS/STi8R.SQ.r, MICRO M.)

AL171102 INIIH AN-GLE OF PATh uF SIGHT (080282$S)
mi It RS, 93 95 110 1,15 129 15 180

3'5i 6.d~lE-Ot' 4.643>-06 2.549E-06 1.689E-06 7.583[-07 3.478F--07 2.847F-07
()1,) 9 .453E-06 7.3682-06 4.536E-06 3.139 -Oo 1.4 13E-06 6.91)6--07 5.696F-07
714 1.101>05ý 6.4!O .159E-0b 4.439d-0'o 2.173E-06 1.040r--06 8.540k-07

1219 1.227L-05p 1.069C-05 7.524k-06 5.553~-O-6 2.8411-06 1.394'-06 1.1452-06
15'4 1.349r-0)5 1.192t-05 8.623E-06 6.474-706 3.397h-06 1.707,;-06 1.413E-06

FLIG;HT NO.~ f2 It FIllet NtO. 3
MIATH RýADIANCE FROMh ,AuUUND Tu ALTITUDE(WATTS/STt2,.¼S'M MIC.RO N.)

ALT I fULF LC41114 A.4GL2 OF PATH UF SIGHT (WVGi;tSI
MtT'-Rý) 93 95 100 105 171) 15, 1(h)

W05 'i.ncjC-Q6 3.698F-06 1.9)3-. -- )6 1.264F-06 5.606[C-07 2.532ý,-O7 1.997f--07
t, 10 8.60.)E-lo 6.103E-36 3.468F-06 2.334E-06 1.068I--06 4.899Cý-07 3.893E-07
)14 9.78;-E0tf 7.564F-Ou 4.606E-06 3,1781-06 1.4d6(-06 .323L-07 5.442V-07

1219 1.05LE-05 8. 5352i-Ut) t.526U'-06 3.39e5-05D 1.8673-06 b.701 -07 6.986E-07
1524 1.6 -S 1.031r-05 6.7h3(-"6 4.819--Ut, 2 .3 58 9-C6 1.130'-06 9.1902-07

t-1.,i0. 27 0 FI LT' I 0t. 4
P'ATH ,:A:,IANCL F"W(] .RoU.N, IC, ALIITUOEf(WATTS/STE t.SQ.Po MICRH- It.)

ALll)U 1)t: ltdvIlH AM',,LI -r P14TH 2 SIGHT (0208225S)
PV:TER3 ;11' ~ 1~ 152 180

3114

)14

iL I~ -p , . '? II I 111-'W1..
241 AIAN.Cr L21t,M {U)Itk; ALTITUO;F(hATTS/ST;-t.S4ý.-vMI P1.)

$ALIIIU'E )'ýJIIH ANO.ThC OF PAIH ()F SIGHT (1(09225S)
AI ( .3 It.- 10Q 11ý5 12) 150 V

1.' 15 S'0 3.6943-0',o 3.153z-f06 2.107E-06 9.758F-01 4.7552-07 3,944,-07
',If) 1.0'.SL-!n 8.21)2c-u-)( 5. 172'-30 3.618E-06 1.760e-06 8.775F-0? 7.298E-07
)14 1.1- 5-l 0. 310> - ) 6.4C42-06 

4
.6o4.'

0
6 2.3717-06 1.19Sf -Ct 9.970E-07

121' 54-t 1.033t.015 7.49ut>2j 5.(,21f-06 2.
9

67c-C6 1.520>06 1.762[-06
1. ),4 .33bý--o> 1. 129k -F 8.dt?- 6.715E--f)6 3.647W-On 1.904r-C6 1.585E-06
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AZIM4UTH OF PAll- )f ý.,1j41 I
FLIGHT W0. ;2 It FILTr~i '0. 1

PATH RAUIANCt F:,OM '.RCu~iC TIt ALTITUU (WATTS/STEP.SC.F MIC4I ..
ALTITUte ZENt:4tH A,'g,.LL OIF PATH OF SIGHT IDEGREEb.)

F1(TFRS 93 10 of 1(1 122 1'30
305 9.279E-06 6.696-Oth 3.902L-C6 2.678U-06 1.299 -Ob ~.822,-O07 4.348E-07
610 _K._165LC-05 9.67JE-06 6.J45E-06 4.575E-06 2.3'nOI--06 1.07VC-06 8.025F-07
914, 1.407E-U5 1.22ZF-I05 8.6R9fz-06 ',.A15E-Go .'i L 1.670(-06 1.228F-06

1',19 1.075F-0;, I.A9OE-. t1.1I-5 .. IF-C ~.(()It- 2.3C5.--06 1.7231-06

FLIGHT '40. 82 If FIL7irl IO. 2
PATH RADIANC.F FRIOM GROIINO TO ALTITUDE (WATTS/STt:-.SQ0.t. MICRf V'.)

ALT! IU,,E '1?'ITH Pe''* ' nF PATV -'F S I11(IEG*r',

3 5 2151-t '.61
7
e- v. 2. 54L-o6 ,.9 5 F- b:, 7.bo,31 - 3.&,26'07 2.847L-07

U .421E-Ou, 7.3t19t.--Jc 4.561E-C6 s.8*ce, 1.553L.-,j 7.219,-07 5.696 -07
)t4 1.083E-05 9.153E-06 6.17?r-u6 4.478E-06 2.2)71:-06 1,097f-06 B.540i-07I

1L'19 1..225E-05 1.0?Iý-05 7._64SE-06 5.72Ct-06 3.078"0O6  1.486-'-06 1.1451-06

FLiGHT 10. ",2 It FILlk-R40'Z.
.'ATH i<AOIANCL FROM ~PCU.N9 TO ALTITUDEIWATTS/STER.SC.m MICRI, 04.)

ALTIIL~t ZF'JITH ANGLE OF PATH OF SIGH'T (DEGREF.'0
ll-LZ 395 100 1J5 12" 15.) 1ISO

305 5.5935-00 3.547f'-16 1.a86k-Cb 1.250E-36 5.8ý,7.--07 2.629f-07 1.9971 -07
610 __8.7851c-06 5.906-^~& 3.4161k-J,% 2.337E-06 1.137f-0~6 5.154C-07 .48931--37
914. 947-0 .'- 4.5381-C6 3. 1b4r-06 1.i87r-O6 7.23t "-C7 5.442i-07

I ? i) 1 .021~ qJ.3Is- -Ut. 5.4741-Ob 3.929E-06 2. 011C-06 9.276t-07 6.986f -07
I'd'. 1.13~,-- j) 1.022E-'5 6. d ,1L-,'6 5.01BE-06 2.6z$31 -06 1.242F-06 9.196f-07

FLIdIr '40. .2 It FILT'_-t NO. 4
P'ATH ,A--IANCt F'tOM 0011 l,) if, ALTITUOE(WA STS/S .SQ.ld MICRO M~.)

ALTITU'ýE 7.:,NI H A-J,L"' GFPATH OF SIGHT (D)EGR~EES)
PL1LR, )iýi 00 IC-5 12(. 15' ~ 1 p(

1,,24

FLICH'T '401. '42 It F:LTrý 'Ij. 5
P'ATH "A'JIANCi: Fý'lli fROUfO TI( ALTITUCHFW4TTS/ST[,..ý.#,4h MICRO IA.)

ALTITU.,L /?.4111 ANJLF )F ?ATH v-F,~;' (!oEr'-ý A)
PMtTF*S '4 5 ~11w 12,, 151 I

'. '.27"0, 5. h06 3aJ~'~ ?.lI9E-,,6 1.113E-06 '.34bi -G? 3.944ý-07
.11) 1. )' r-05 8. 364L-0t, -. 33outi6 3.bSj(6 2.024".-06 9.848t-07 7.29ekhC?
) 1 . 1.1/~0 9.43khh-(6 6.36?L-' 6 4.993E~-06 2.673E-06 1.322c-06 9.9701-07

ta" , 110m-O 1.0j43F-.)5 7.707E-,)5 5.q57C-Ob 3.322E-06 1.660F-06 1.26.'L-06
.15,14 1. 3 lOh-05 1. 224L-J 9.2) 3f-"6 7.>11,-)b 4.215,.-06 *'.1031-G6 1.585k--4
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A/IMUTH OF PATH OF SIGHT = 270
FLIGHT O. 82 II FILRfFR NO. 1

P~ATH RAOIANCE FROM GROUND TO ALTITU~r-(WAT;S/STFR.Sý.P. MICP6 '.
ALTITUOL ZENITH ANGLE OF PATH OF SIGHT (O)EGRP-:S)

MLTi-.rS 93 95 100 1)5 12(, 150 180
3)5 9.?0IF-06 6.563E-06 3.710E-1)b 2.471E-06 1.11'L-06 5.248.-07 4.348E-07
610 1. 1h8F-O 9.514E-06 6.076F-06 4.249E-)6 2.016(-06 9.6981-07 8.025E-07
914 1.382[-0J 1.189F-05 8.197E-06 5.956E-06 ?.9712-06 1.4768-06 1.22et-06
17L9 1.1i8lt--05 1.399F-05 1.015E-05 7.604C-06 3.975F--06 2.059E-06 1.723L-06
19,24 l.',93k-05 1.475E-05 1.114E-05 8.749F-06 4.7,52;'-06 2.538'-06 2.1341-06

FLIGHT NO. fl? It FILf9R ,;0. 2
PATH lAt;IANCF F-ROM RGUND TO ALTITUDF-(WATTS/STFQ.St..tP M101, Y.)

ALTITUt'L Z4JNIIH ANGLEI OF PATH 1,F SIGHT IO2EG'frý)
METIRS '3 910 1J5 12V 150 180

305 7.t89(/-O6 4.83,0::-6 2.615F-06 1.712.2-06 7.5ý1-c7 3.477L-07 2.847E-07
610 1. L-- 9.374E-06 i.524E-06 3.714t-iJ6 1.636f -06 7.152'--07 5.60o'-07
914 1.41.it-t5 1. lb IV-05 1. 0b5t-06 5.350k-06 2.444t -06 I.074r -06 8.5401-07

1219 1. 3 1,)L-05 1.23),-15 8.(. ,8B-ub 6.3231 -C6 13.0 6 2 1 -06 1.416- -(6 1.145L-06
15.14 1.44?E-05 1.31a,-)5 9.648F-06 7.182E-36 3.C15 -06 1.737,--06 1.413r-C6

F. IGHI '40. 82 II i-ILLER NO. i
?ATH RAL)IANC - FROM (,ROUNO TO ALTITUI)E(WATTS/STtR.S4..° PICO(` :1.)

ALTUIVUF li-NITH ANGLE OF PATH OF SIGHT (PEGREI-S)
MtTLR,> 93 9t, O0) 105 12 15ý 10-

135 5.671t-06 3.1.S63-Ob 1.8[-06 1.181Z-06 5.2I; -07 ?.404--07 1.997E-07
61) 8.763E-06 6.143':-)6 3.437f--06 2.283F-06 1.022,-06 4.735 -07 3.893ý-07
914 I.OOJE-05 1.72)Z-06 4.63o0-06 3.1601-06 1.446;-06 6.689f-07 5.4421-07

1219 1.O92•-05 3.84 1F-ý6 5. 5C5F-06 3.906:-06 1.831r-'.6 -.590-07 6.9861-07

I1 /,4 *.
2

CL)--Ot l.04-1' 6.?776L-()6 4.603E-':6 2.324 -06 1122'.-06 9.190t-C7

F-LI';HT NO0. 42 II FILTER NO. 4
PATH tAL)IAN(LE FROM t.AOUNOt) T ALTITUDE(WATTS/SFER.SQ.t MICRO P.)

ALTItUF Li-NITH AN'LF 'JF PATH OF SIGHT (WEGREES)
MLT10R i3 95 100 105 120 15, 180

6J10
)14

L219

F-LI ,.T NO. 42 11 FILIT , .0. 5
PATH :AIANC, FROM k,-CUND T(' 4LTITUzr-hWATTS/ST1>.S(..M Mj((--.)

ALTI1U',E rFNIIti ANtt" OF PATH OeF SIGHT (DEGRE6S)
P',T PS '; OI 105 12' ' I .0

3'S -. ,31 -0', 5.797F-0b 3. I'Yof-06 2.1091-06 4.690,.-07 4.7 6 4 '--J7 3.944,--07
I0 . • -5 6 .030.-06 :,. 3,91.-06 3.696E-06 1.775t-06 8.835t-07 7.29e--0i

)14 1. 14 - --" 9. O -- . *0 6 10 L--06 4.820 --06 2.405ý--06 1.210 --06 1.970 --07
'P9 l .OF - : I. O,iO E- ¢ ' 7 . 7 e4 E- 0 e, 5 . 7 n>7 t:- 0 6 1.9 7 r, t- 0 6 1. 52 5 -- (.6 1. ?;o 2 r -0 6

15?4 1. 14,54f- ' I 4.2145-CS i.)7.4F-06 6.790'-)6 3.61F, -c6 1.900G-Ob6 1. ,aJ-0I
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A/; M'ifl f; I oi 'ATHi Ol- 1 ;ll -

i-I .()1 I IiBIAL VAN. *)t*FLtur A 4LL 1 tI RO uROIlN.) TOI ALT I WI)t)
ALT IrUI u. 7: N I I H ,j AN.U PVH t4 ,I 'It~l I (IW',) 1)

, . 41t )u 1 .646~- IC. ý l -ý I I.,WF-11 d S3.iF-OP 7.6361:-02 1.*'68- -
to1u 1 i . ,~ .90e 1, 0"' 1 .. '' p,- 6 . 1,41 -1, 1.* 1? 7t-OL -".1871 -n2 ; .880!:-0)
'14 o ~. i 131 ( .~, ' 1.%-' 412.-tIý0 b.40br-02 p.M',3--'

12. 1. ?0,. -'~ 1"* 4.'. 1,; 1. C 4 .4.*It -01 1.236! -01 9.331 -J

0II:tCTI.IJAL '-in 14,;) i ~J, ,'ji'l ALT I T'E
ALT I I Uji* 10 1.f1 itI A '!..f O'F 'IN H ,F H 1;H (u3 41

u1I.v '.4, > .02- 0)1 /. 9ý3! -tA 4. 163 r-O1 1.361 .- C1 5. 1571'-C2 4.13811' -0^
-' '14 1.j-) .~ ' .57;: 00 7.t.4?t -n1 2.34,- -01 13.265r-02 6.'4481-G

12)1 '. 08 ;t 1. 14'.. ,1 ?.65-s. cr 1.2ý31 ' i.4J7L- 1.165f.O 9.035t -.
I *. '4 2.44.' 1, ).47?' 0 1 3.9~3-1 %o 1..0 0-) 4..52OF-f1 I .4cl6f-O 1. 153, -0.

i-L I -HI u. '2 1! F1.i (" WI.
1,ý,LfI',AL 'Alt . EFLMCA .Cf, Fkiii G~,CuNU T'N ALTITIULF

ALVITUUlol.:-1l A'. 2LF OF PATH IJV SIGHT 101GaSE)

t,1 ot) 24'- Ir4Fn I .1-E1 3.15Z3 1.46F; 1 .119

". I t 1.579 .~ .1 I. .36 ), 0 4.761ýý.Cl 2.'1)-1 8.2459-02 2.903F-'32 .9 -'

11411) 1.41"- C,1 'i.6''I' (l'~ 1.C31,t ) '.1 -. ) i.611f-01 5.546c-02 4.307,.-0,,
I ,;4 .)I' n1 .,''I) 1.6,1n,. C I 7.ct) >01 ?.?!Sr -01 7.457L--02 -).608, -C,

I'LI' HI 0. Z~ 11 HILI-~ 4u. 4

ALM~J E Z_.NIIH ANGLI2 Fr PATH C'F S1(.Hr (I)GEG.'F1

'10

0t9,:( 11 i5.%:L PtTri R4iLK~'TAC, I-AV)P, uioli'41 T0 ALTITUL)E

'.~) a .-. Z1, ) 2.26.>ý o' "- 3. S46. -'11 10)23t-( I 3.553E02O 2.EM.t -c
-414 1 1 -7, A 4.1bOE 0.) 1.0391, 3 .CL7i--01 1.iýt.1-01 5.1783F02 4)."fl( -U'

1-34 .. .2 i.47i.;. Gi 2.371, W') 1.021- ''2 2.7ht-t-CA 9.100I--02 7.044~-01
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AZIMUTH OF PATH OF SIGHT = 90
FLI3HT NO, 82 II FILTtAR %O. 1

0JIRtCTIONAL PATH REFLECTANCF FROM ,;R(,U,!) ro ALTITUDE
ALTITUot L14NIIH ANGLil OF PATH OF 3IGHT (0EGPEPS)

M:T1 RS 93 95 1)OQ 105 120 150 160
305 I.OTI$'. 0.) 6.607L-OL 2.430E-C1 1.412E-01 5.6411-02 2.505F-O? 1.9686E-02
Old 7.59JL 00 1.996E 00 '*.704E-Ol 3.075iE-01 1.1446E01 4.926E-02 3.8801-02
)14 3.19)1 1) 5.°7oT 00 1.114!' 0) 5.)'13E-O 1.923E-01 8.023E-02 S.305k-C?

1219 1.1?1)!- 0. 1.149( 01 1.911! -1) 8.829E- 1 2.883E-01 1.183E-01 9.3311--01
1:).14 3.070t: 01 7.0u5;:Li /7. :' 1.213C. 06 3.766E-01 1.529E--C1 1o,12i-01

FLTI!r .NO. 8. I) F|LT v '0. 2
,11:.1;,iTIGNAL PATH gkFL,:CTA4CL FROM ;,)IUND TO ALTITUDE

ALTIIur." ?):NITH AN(,L_ OF PATH OF SI3HT (DEG0 ESI
IALT 1' 93 95 100 105 120 15-J 1

1,)5 1. 31,)r 0Do 5.707P-01 ?.266E-01 1.348E-01 5.443E-02 2.3806-02 1.931f-Ok
• 10 5.49 00 1.7346 0) 5. 5 83E- 0 1 3.117E-01 1.184E-01 5.044E-02 4.08E-0?
)14 1.772t 01 3.a90!:: 0o 1.015b 0,) 5.337:-01 1.933E-01 8.051F-02 6 .4 4

0L-07
121q 't.)1iL 01 1.47Ot 00 1.5 qE 00 7.994E-01 2.7olE-01 1.136E-01 9.035E-02
I'),ý4 1.113L J, 1.2191 01 °.2'O 0) 1.055E 00 3.528E-01 1.446E-01 1.153t-01

FL|,LHT ''. 12 I I-ILlER -40. 3
VIRLU6IUNAL PATH R-FLLCIA*iCi F•.']M GROUND TO ALTITUDE

ALTIrOU'E LFNIIH Ai';Lb OF PATH OF SIGHT (DEGEE3S)
M IE6K J3 1 100 105 12,1 15n 10

J.)5 6.42tc-JI 3.-44F-01 1.292E-01 7.871E-02 3.260E-02 1.427E-02 1.119E-o0.
61U 1-.5: Do 7.490k-ul Zod29'-C1 1.662E-0k 6.659E-02 2.875E-02 2.259E-02
914 4.019, 00 1.336t. 00 4.509E-01 2.559E-01 9.9TE-02 4.153E-02 4.260E-02

121L 7.JZ9E Oj 2l.4r u0 6.388E-01 3.509E-01 1.313E-01 5.476E-02 4.307E-02
1954 1.L931- O1 3.375rI 0c 8.996E-0"- 4.77°E-0I 1.743E-01 7.316F-02 5.808E-02

rLIGHT NO. ;42 II FILTER NO. 4
,I|,CTIu.NAL PAV? R.FLjCTA.,CE FROM GROUND0 TO ALTITUDE

AL I1U.6 I>INITh AN0LFE UF PATH OF SIGHT IDEGREI:5)
" 10 to0 11i5 120 150 18,

)14

1 '1 •

FLIGHT ",0. a2 II FILTEP. %.0. S
)IRIGTItJNAL PATH REFL-CTAtICE FROM GROUNDI) TO ALTITU')E

ALTITUIF. LENITH ANCLE OF PATH OF SIGHT t0EGREES)
H0J'-, 3 10 0. toO 105 120 150 180

1J5 9.?loE-(1 3.935E-O 1.546E-01 9.221E-02 3.820E-02 1.771E-02 1.454E-02
t,10 3.388E 0o I.03F 0' 3.476E-01 1.957E-01 7.686E-02 3.479E-02 2.842F-0.
914 9.482E O0 2.1431.: 00, 5.746E-01 3.06ZE-01 1.145r-O1 5.032F-02 4.083E-0O

1219 2.522F Ot 3.918r- O0 8.643E-01 4.3660-01 1.563, 01 6.714E-02 5.400E-02
1574 6.638E 01 7.0140 Ot 1.266E 00 6.f5.t-01 2.075 -C1 8.793E-02 7.044E-02
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A'ZIMt.IrH OF PATHI (;F~. SI-)HT

ME1IC1 IONAL PATHI 'FLFClA,%Ci& c'U RON TO ALT! tUDF
ALT! ru1vE Z0NITH AN,;L' ffi- PATH OIF SIG]HT (.,Lr.'ELS)

MtT S 93 qr I'JC 1C5 17 ~
305 1.703L* 0') t,.76 1-o1 ?.i'j3E-ol I.509E-0l h.446F-O? 2.666E-02 I V6 81 - 02

)14 3. 17-,) 0 1 5.239' 0, 1.170', U') '.Wb~'-o. 2.233t-01 8.6491--02 6. 30#. -0,
1211) 1. 140k .1 0?0'. .0"'Ou '.751,5--" 3.498t'-%01 1.344i:-C1 9.331, -C.,

*1,. 4 3.2039- q.! 2.113 v!' 1~.0118t 00 L.376. 00, 4.745t.-ClI 1.77IF-O1 1. 2 t2--L I

FLI ii) , 0. ? 11 VILl-'* .V. 2
M1 l(C I i*NAL Pli riI; ri-F]A~. U4'.jo)l ALI 11 0I.

ALTtrU)E .- 'dIl-,Nt Ak .1'- -PF :ATH OF ')f,!Ohf t;.rt'
MiT.3 1 '" 1'N' 16', 12ý' 151

h10 ! 47bE 00 1.73tt 0) t.614i2-fl 3. 111OF-01 1.249t--Ol 5.31IC-02 et.08h -0,
A14 1.743i: 01 3.1l, 0; I.o1lq Ul0 2.~'-0 .043r--t (3.492f -I2 6.448, -0,

011)' 4.906E (91 7.43ltF UV 1.~ 3r, U.193ý-;ll /.1 LC-01 1.2llr-cl 9.035~-0.
I-.4 1.147, o1 I.ý. & .3 ?. ri" 1.122L OC 3.9931'-01 1.577L-C1 1.153t-01

FLIHhT NO. -;? 11 FIL~t-2  W. 3
il'liTUJNAI. VAT)' IEFLECTA )C. FROm tUJUND~ TO] ALT! rUOF

ALI I RVL LCN!IH A~j.LE )F P8th O'F bIGHT (bC(,Er,)~
KLMT~S 1 '5. 1) ' '1.1

"L4 47 9C: 0." 1.291 4.444L-.'L e ."64 '":-M) I.C54L-01 4.4W4c02 1.,60'.-O'

1-,!4 5'64. 3.139-. -0 1). 13 3 1 4.9ag;-u1j 1. 9z3E-;1 I .042F-02 51. 08E-0'

-L I ,,IT 40. .-1! It FILl I W0. 4
%I'0T; L PAITH 1EI-LFLTA,4Ctl FROM GR0ouO TO ALTIT'UDE

ALT!!U))F ý!t11H. Alf;Lr- OF PATH OF ;IGHT I JEGRE2iS)
M .TLIRS j 5; 100 11t, 12,o ~l

914
3 1219

ALT TU,'~E Z. '.1 TH klI.i .11 PANH OF SUA;T '~t'.

ios 9.06iL--01 ).)'k2 1., (-01) 9.625ý-07 4.358k-02 1.990E-32 I.-o54!:-0'
c-L0- 30~951 01') 1. 0 '2." 0 ).54('.- )I ?.06aE-01 B.e391:-U. 3.904E-92 7.8421---0e
714 9.".8% GO 7.159f 0' -. 905-.~-V 3.21 ?h-O1 1.2Q12-Cl 5.555E-02 4.0831-0,'

ViZ4 et.hj0i ul 7.21 5- C. 1.31:t' f). 6.499t-(!I ?.3998.--l 9j.71IF-O2 7.C44Fr-02
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-L 1i;HT it. 12 11 F ILTI V.* I
III It' tI 'N'l~.L 0'41r! 'R FL,:C I A X[t FROMI uRjuI TIf) ALT!I TUlFJ

ALT I rUPE -%)4[1H AýG).Lv 'JF PArFI OF %V1,HT (dEGEF

41 .1 )i .04 I 11ILn, 5400 11. 1 2Sh 0 7.9I -" 6. 30V0?

I '' 4 ?9ti' ~ .01,9 111 2.7?7s JO ilt'. Oc ý.662C-01 1.510, -:1 i.212f -0)

FE. I.H1 I1J W ?- It F11.TA 1 0. 11
vI'(CCT!,2NAL ,IAts, ).fU-LfAIICI; HWIý t;.;N TO ALTITIJ0E

ALT! tiu, 1'411' ANSL. ;I PAItH -, SIGHT (DEG~t.FS1

t " 1. 3? I: 00 -,9 4 C'.,1 2.1'2 t 1.366:-3l 5.4216-02 2.379--02 1.931 -0f'
.Ij 7. 51.) 0l 1 IN (). 199::_ It 1.~)-) 1.317h-01 5.224f--0Z 4.0set--0'

.. I...Ci '. I, ATII RUi L&CT Vc I 40i' It; ~ ALIT TrT."L
ALTI fU E 7!s! It) A.'4rL. -IF "MI t:F :)1tHT (UE3E:;~S)

"!7LS 93 1ý7, i[r. 12V 15.It
.. ,. Qb:A .. 2' 1.2;:7ý.-0L 7. lk9.-02 3.(' R132) I.35!5E~C2 1.1191ý-C2

dl4 t. 143' 1j 1.13,41 0 4."Ok.-11 2.545ti-01 9.o2CO'-G? 4.072 -C2 3.2b0t-C;I

1 ''4 1 . ~Lt. ou 1 3.402, "If 9.0t,4-' 1 4 .7 71--,' L 1.
7

1l.L-01 7.267f -02 8d'0

I1I I.ftL PAT f ; !FFI sC f I'C v C ý 1POP GRHJIt2' I.) ALT I (fU.) E
- ALT I N" L 114.41IH *,oTLiý OF PA1I' OF* uI~ar ftlEG,'Erý,

rEr !0 12,j I" 1c,

-14
12 113

FLI..t)t IU. '.ý 11 ,F1LT.. C.

ALT11U-'Ih It 'dIIl AU 1r PATS. 11- 'd';hl t-~
M -T.AS ) '1.) 101) V5 12) Xi" 1Vc

4' 3.i. -;1 4. 00'' - "1 1.5S -1 1). 2304,-" - .)-~ 1.773F-02 1.454..-0,
00 :S.~' i) 11? ( .5d1;;-,, 1 1.9)1#-11 7.7-JIT -02 i.502E-02 2. C41-0
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FLIGHY NO.-6 FILTER NO. 1
IRAAIANCEIWATTS/SUM.MNICao 14.)ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR

(PETERS) WELLING WELLING ALBEDC VOWNWELLINC UPWELLING TOTAL ALBEDO
193 1.650E-03 3.1771-05 .019 2.232E-C3 9.415F-05 2.326E-03 .042
4dS 6.851E-04 5.342E-05 .078 1.154E-03 1.55SE-04 1.309E-03 .135
765 2.141F-03 6.633E-05 .031 2.6052-03 1.8eE-04 2.793E-03 .072

1002 2.546E-03 9.515E-05 .037 2.949E-03 2.397E-04 3.18$k-03 .081
1405 1.123E-03 9.1111-05 .081 1.486E-03 2,81E-04 1.735E-03 .167
1700 2.355E-03 1.119E-04 .046 2.7TOE-03 3.L 3

01-04 3.020E-03 .11I

FLIGHT NO.86 FILTER NO. 2
IRRADIANCE(WATTS/SQ.M.M|CRO M.)

ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
(METERS) WELLING WkLLING ALBEDO OOWNWELLING UPkELLING TCIAL ALBEDO

191 1.886E-03 ?.613E-05 .040 2.365E-03 1.640E-04 2.549E-03 .069
484 7.9121-04 9.154E-05 .116 1.183E-03 2.1611-04 1.399E-03 .183
785 2.046E-03 9.421E-05 .046 2.440F-03 2.332E-04 2.673E-03 .096
1052. Z.053E-03 9,4291-05 I0O6 2.390E-03 2.o69E-04 2.627E-03 .099
1408 7.320C-04 1.0701-04 .146 1.032'-03 2.6711-04 1.300E-03 .259
17.W2 1428E-0 1.257E-04 .073 2.014E-03 3.007E-04 2.314E-03 .149

FLIGHT NO.86 FILTER NO. 3
IRIAOIANCEIWATTS/SQ.N.NICRO N.)

AL•T•IDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
(METERS) WELLING WELLING ALBEDO OCWNWELL|ItG UPWELLING TOIAL ALBEOC

.190L ._?70E-04 6..)16E-05 .072 1.174E-03 2.563E-04 1.4301-03 .218
484 14327E-03 5.538E-05 042 1.570E-03 1.330F-04 1.703E-03 .085
785 1o.023E-03 9.2471-05 .051 2.055E-03 1.918t-04 2.24TF-Os .093

1081 1.309E-03 1.775t-04 .136 1.489E-03 3.097E-04 1.798E-03 .2061402 1.1481-03 2.009E-04 .175 1.309E-03 3.681E-04 1.6771-03 .2811700 3.714E-03 1.528E-04 .041 3.885E-03 3.177E-04 4.203E-03 .082

FLIGHT '40.86 FILTER NO. 4
IRRADIANCE(WATTS/SQ.P.NICRO Me)

ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
(METERS) WELLING WELLING ALBEDO 0OWNWELLING UPWELLING TOTAL ALBEDO173 1.600E-03 ' qO71--f4 - .244 1.889E-03 7.5911-04 2.648E-03 .402

485 lo;76k-?V3 --3o.547h-04 .2C6 l.942E-03 6.9C50-04 2.632t-03 .356
785 10.b3.045L ,_o 3.a28•o04_- .234 1.7942-03 7.286L-04 2.523E-03 .406

1092 2.146"-03 3.456E-04 .161 2.274E-03 6.6302-04 2.937h-03 .292
1401 0.022E-04 2.929L-04 .325 1.065E-03 7q369E-04 1.742F-03 e733
1704 3.064t-04 2.689E-04 .878 3.9681-04 5.476&-04 9.443E-04 1.380

FLIGHT NO.86 FILIEP NO. S
IRRAUIANCEI(ATTS/SQ.M.NICRO N.)

ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
(METERS) WELLING WFILINf ALSEDO OLWNWELLING UPWELLING TOTAL ALBEOC

173 1.029E-03 7.268E-05 .071 1.439E-03 1.57SE-04 1.596ý-03 .109
484 8.080E-04 1.042E-04 .129 1.184E-03 2.342E-04 1.418E-03 .198
785 1.114E-03 1.268E-04 .114 1.448F-03 2.726E-C4 1.7201-03 .18e

102 ,.1.081E03 1.2346-04 .114 1.384&-03 2.868E-04 1.6702-03 .207
1703 T7.10T-04 1.321*-04 .186 9.634E-04 3.211E-04 1.285E-03 .334

68



FLIG' •10. 86
.. AZMUTHN OF PATH OF SIGHT - 0

ZEIT IRLC -T 'I ONAL RFLECTANCE OF BACKGROUNDZENITH FýILTERS

ANGLE 1 2 5 ........3 - 4
93 .08048 .05470 .21526 ...... 1. ---8-.......18252
95 .05164 .03023 .11197 .08106 .1699

100 .03843' .02-72 .035 066 .16578
105 .02426 .03367 .06709 .05762 .20674
120 .02028 .0-31-28 " --. .- 0522- .. 243o
1!0 .0162? .04055 .09731 .07497 .16878
tHO .0152d .03(81 .06493 .08972 .27514

FLIGHT NO. 86
AZIMUTH OF PATH OF SIGHT = 90

__ZEniTH ..... .... ILTERS
ANGLE 1 24 5

93 .07280 .05301 .12136 .28630 .16713S......95 . 0.. 6o 436 . . 03866:~ k .. ..... b 3 ..... "1",'V . ..... ;O-
100 .02327
--- .03537---- -. 023.2T-- .01720 .07313 .19491
105 .02347 .03695 .07411 - .jS5157"- .-;2'f2
120 .01394 .03065 .04755 .05776 .22879
150 .01366 .03852 CU0146 .06065 .19428
180 .01528 .03881 .06493 .08972 .27514

_. A UH PAHFLIGHT 1O4. 66 -.....
AZIMUTH CF PATH OF SIGHT = 180

UIRECTIUNAL REFLECTANCE OF BACKGROUND
"ZEWITH FILTERS

ANGLE 1 2 - 5 3 4
93 .08685 .09135 .11669 .13567 .24a.?

. - s5 ._.0510& - .. 5190- .. ...- .1051 . _ _•0 .901 o236 G•
100 .03571 .04695 .09906 .07079 .25091
105 .03049 .04754 . .83-50 -- - 07367 .247468
120 .0273? .05289 .07326 .06999 -25610
150 ~ .0413-' _ .09452 A06016 .26619
1aO .61!28 .03881 .06693 .08972 .27514

FLIGHT NO. 86 -.---------------------........----------- ..
AZIMUTH OF PATH OF SIGHT w 270

SZENITH FILTERS
ANGLE 1 2 5 3

93 .08476 .09402 .13639 .25560 .19699

100 .03383 .04125 .08633 T07726 .22255
.02639- ;0%8 -. W 01214- .23501

120 .02110 .06169 .05169 .07626 .26752
f5 ~ o12-041 071Y .068433 .$0

160 .01528 .03881 .06493 .08972 .27514
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t

DATE 100768 FLIGHT NO. 86 GROUND LEVEL ALTITUDE I NM.) 214 IUPS1

ALTITUDE TOTAL SCATTERING COEFFICIENT (PER PETER)
IMETERS) FILTERS 1 2 3 4 5

0 4.041E-05 3.183E-OS 1.764E-CS 1.450E-OS 4.109E-05
30 4.028E-05 3.172E-05 1.75Sk-O5 1.445E-CS 4.17SE-05
61 4.014E-OS 3.162E-05 1.752E-OS 1.440E-05 4.161E-05
91 4.001E-05 3.151E-05 1.746E-05 1.435E-OS 4.147k-05
12? 3.988k-05 3.141E-0i 1.741E-C5 1.430E-OS 4.134E-OS
152 4.104E-05 3.215E-O01 1.747E-05 1.446E-05 3.939E-OS
183 3.966E-O5 3327E-0S 1.737E-OS 1.424E-CS 3.609b-OS
213 4.344E-05 3.269E-OS 1.114k-05 1.413E-CS 3.712E-05
244 4.192E-05 3.340E-05 1.666E-05 1.386E-OS 3.637k-05
274 3.647k-05 3.091E-05 1.635E-05 1.380E-05 3.587E-OS
305 3.345E-05 2.563E-05 1.631E-05 1.371E-C5 3.566E-05
335 3.275E-O- 2.475E-05 1.630E-C5 1.366E-05 3.671k-05
366 3.20TE-OS 2.461E-05 1.626E-O5 1.37OC-OS 3.669E-05
396 3.42TE-05 2.432E-05 1.602E-O5 1.367E-OS 3.648E-05
427 3.306E-05 2.399E-OS L.610E-05 1.368E-OS 3.587E-OS
457 3:209E-05 2.365k-05 1.572E-OS 1.35SE-OS 3.593E-05
488 3.159E-05 2.358E-0 1.534E-O5 1.355E-OS 3.53SE-05
51: 3.138k-O5 2.355E-05 1.536E-05 1.356E-05 3.333t-05
549 3.114E-OS 2.35SE-OS 1.527E-OS 1.363E-CS 3.236E-O5
579 3.120E-05 2.331E-05 1.529E-05 1.351E-05 3.17kE-O5
610 3.114E-05 2.306E-05 1.522E-05 1.346E-05 3.185E-05
640 3.092E-0S 2.287E-05 1.507E-05 1.353E-O5 3.267F-05
671 3.086k-OS 2298E-qs 1.S14E-OS 1.344E-O5 3.294E-OS
701 3.05SE-OS 2.299E-OS 1.53CF-05 1.348E-CS 3.245t-05
732 3.026[-05 2.300E-05 1.518E-OS 1.338E-05 3.215E-05

.162 3.067E-05 2.302E-05 1.510E-OS 1.331k-CS 3.13TE-OS
792 3.02UE-05 2.307E-O5 1.493E-OS 1.334E-05 3.110E-OS
623 2*943E-05 2.299E-OS 1.5091-O5 1.335E-OS 3.143E-05
853 2.917E-OS 2.318E-05 1.503E-OS 1.3468-CS 3.191k-05
£64 2.899E-os 2.308E-05 1.511E-OS 1.356Ek-S 3.199E-OS
914 2.898E-05 2258E-05 1.506E-OS 1.365E-O05 3.348F-05
945 2.903E-05 2.261E-0S 1.508E-05 1.364E-CS 3.198E-OS
975 2.929E-05 2.276E-OS 1.497E-OS 1.354E-OS 3.063E-OS

1006 3.016k-05 2.317k-05 1.492E-OS 1.352E-OS 3.07TE-OS
1036 3.110E-OS 2.283E-o05 1.48E-OS 1.353E-OS 3.069E-05
1067 3.120E-05 2.31SE-OS 1.512k-05 1.344E-05 3.069E-OS
1097 3.117L-OS 2.311E-05 1.524k-05 1.343E-05 3.027E-OS
1128 3.144L-05 2.462E-05 h.SO3E-Gb 1.339E-CS 3.00SE-OS
1156 3.331E-05 2.488E-05 1.484E-05 1.351E-OS 2.925E-05
1189 3.320E-05 Po~ t-05 1.492E-OS 1.343E-CS 2.956E-05
1219 3.237k-05 2.503E-05 l1523E-OS 1.371E-OS 3.126E-05

1250 3.299E-OS 2.4867-05 k.479E-OS 1.383E-05 3.206E-05
1280 3.4SE-05 2.436k-CS 1.447E-05 1.397E-CS 3.168k-0S
1311 3.548k-05 2.3865-05 1.443E-0 1.391E-CS 3.113E-OS
1341 3.378E-05 2.336E-05 1.437E-OS .. 3UIE-CS 3.064E-05
1372 3.427k-05 2.302k-05 1.439E-OS 1.376E-CS 3.037E-OS
1402 3*752F-05 2.296E-05 1.443E-OS 1.361e-OS 3.026E-05
1433 3.5°9S--u 2.269E-05 1.443k-CS 1.371E-oS 3.152E-05
1463 3.461E-05 .ies8e-OS 1.435E-0 1.374E-OS 30185E-05
1494 3.299E-05 2.263E-05 1.441E-05 1.381E-05 3.064k-CS
1524 3.419k-OS 2.293--05 1.437E-OS 1.366E-05 3.085F-OS
1554 3.382E-05 2.314E-05 1.450E-OS 1.31TE-OS 3.033F-05
1SS5 3.244E-05 20348k-05 1.449E-OS 1.362E-CS 3.049k-os
1615 3.090E-OS 2.290E-05 1.489E-05 1.363E-05 3.011E-05
1646 3.093E-O5 2.2I1E-OS 1.506E-OS 1.347E-OS 2.960E-05
"1676 3.024E-05 2.143E-05 1.480E-05 1.346E-OS 2.876E-O05
1707 2.952E-05 2.12tE-05 1.448k-OS 1.346E-05 2.949E-05
"1737 2.942L-05 2.119E-05 1.443E-0 1.343E-05 3.013E-O5
1768 2.932E-05 20112E-05 1.436E-05 1.339E-OS 3.003k-OS
1796 2.922E-05 2.105E-05 1.434E-O 1.335kE-S 2.993E-CS
1829 2.912E-05 2.098E-OS 1.429E-OS 1.330Ek-S 2.9g8-05

FIRST DATA ALT 5 5 5 5 5

LAST DATA ALT. 57 b? 57 57 ?0



I-LIGHT NO. 86 FILTLE NO. 1
U1AM TRANSNITTANCE FROM GROUND Yo "LTIUO'E

ALTITU.•- ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
mvETERS 93 95 - -f 651 15. o

305 ___.7906437 .869526s ..9322360 .9540127 .97S9751) .YeWSR28 .96'?d:9'
610 .6516131 *776968O .8810331 .9185312 *9S69649 .9749230 .9782458
914L ... 5612. .6993135 .8356786 .8865316 .939560C .9646460 .9693090

1219 .4460619 6273S378 .-7"91315• 856924 .9di93"C qS41591 .9601765
1524 .584.58 .5559661 _.7447958 - .6206284 .q2O7373 .9425316 .9501223

FLIGH• NO. 86__ FILTER NO. 2
BEAM TRANSHITIANLE FROM GROUND TO ALTITUDE

AIUO.------------------- A .OFPATH O_ SIGHT .........D.
MF.T-RS 93 95 100 105 120 150 1"

3u5 .8298567 .8949382 . 94A811 . _9633_.2 .9808373 .9884912 .9903723

ol10 .7183935 .8229836 .9068469 .9305015-.9666.09 .9805146 .983•637
.4 ' .6,'37T02 . 759375_ . 8t09a3 . .91.14746 .9531522 .972f,785 .97a295t

1)19 . 3 4 'f .6992243 A8356251 .8864935 .9195391 .9646336 .96929e-
1 _-4 .-- - - -n-- _ -444206.3 _-_.-U------ - - -623634 .426213C .95671)4 .96-3996

F- -LI IMT N 0 ft- Y- LUFN 9 -

BEAM TRANSMITTANCE FROM GROUnD TO ALTITUDE
LTII ..........----------. TJ AL..E OF PATH O_pF_ S§GHT _(PEGREES)

METERS 93 95 100 105 12G; lSi 1,c
------- ....... .94ý16462 .72731 .... 9799566 .9895741 .9939673 .9947734

610 .8225347 .8912127 .9438330 .9619589 .9m01243 .9884761 l9r.00123
9__ . .9449942 .9711386 .9832338 .9854636

1219 .6828738 .8021020 .8952243 .9284316 .9622903 .9780516 .9809640
1524 ---... ,ZZ5 ... ,.76.26"6 . .7_J-•T _ .. 9127262 .9538295 .973C775 .9766a419

FLI;HT NO. d6 FILTEq. NO. 4
BEAM. T;IANSiAITIANCF FPOH GROUNr TO) ALTITUOF

ALTITUDE ZtNITH ANGLE OF PATH OF SIGHT IOEGRtE)
PETERS 93 95 100 105 12( 150 1:)

335 .9198805 .9515131 .9753627 .9834025 .9913738 .990.3106 .c956776
610 .i-6 ------ý789- ---4 .9072871 - .9523392 . 9677670 .9831831 .9902560 .q915559
914 * ý11I _.6(66240 .9301328 .9525681 .97!)1598 08555823 .9875010

1219 .7191267 .8256715 .9083323 .9375304 .967W6)5 .9609064 .9b3443
1524 .-6579594 .7867617 .8865897 .9224139 .959C567 .97?1t2F .9791!44

-. . .... . FLIGHT NO. 86 fILT.4 N0. 5
BEAM TRANSMITTANCE FIROMl 9.AUW)l T

a AtTITUDF
ALTITUDE ZFNIIH AN,,LE OF PATH VF SIGHT (DEGREES)

4LMTERS 93 0, 100 105 120 151) 1'to
305 ."794312,1 .8719530 .9335399 .9549077 .9763984 .9863051 .9881290
10 .644ý718 .7119616 .817cl1797 .91653T9 .9558872 .9742899 .977(.948

914. __.529i414 .690.4665 .AIC1141 .bd25666 .9373825 .9633546 .96011,5,
1219 W3437009-h uo1'9706 .lq66635 .6512992 .9200425 .9530254 .9591t85
"L•'4 .3591754 .5560336 .7448412 .8206620 .9027514 .9426431 .9501323

6-39



AZIMUTH OF PAIH OF SIGHT = 0

AL __O GRO...QACpF..• 8UND.T.OAL!JT_~UDE(•A1TTS/_STER.,SQ.MMI.CRO N, )

LTIIUOE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS .9 .. 5 100 105 120 150 11 0

305 3.55SE-05 2.022F-5"'° 9.86E-06 6.3-26E-6 2.ge7e-06 1.80s3-C6 1.98p--06

... 0_...S.O.-.5 .:053--05 - 1,,5465E-05. 1.•008E-05 4.837E-06 2.909W-U6 3.119.-06
914 6.942E-05 4.345E-05 2.260E-05 1.496E-05 7.410E-06 4.6681--06 S.08Ot-O..

1219 8.734E-05 5.679E-05 3.035E-05 2.039E-05 1.039F-05 6.865C-06 7.t'89;-06

1524 9.393E-05 6.419E-05 3.5-53E-05 2.417TýE5 1.247E-05 8.622' -06 9.779'.-06

- -. FL 'GTHT -NO-.' 86 FILTFPR NO. 2
PATH RADIANCE FROM _ROUND TO ALTITUDE(WATTS/STER.SQ.M MICRO M.)

ALTITUDE ZL:NITH ANGLE OF PATH OF SIGHT '(DEGREES)
METERS 93 95 105 iD 15' 1

'305 ..- 5 1.649E-05 8.085F-06 5.259E-06 2.590£-06 1.6486-06 1.905Z-0b

610 4.179E-05 2.45%3,-05 1.237E-05 8.126E-06 4.024L-06 2.5821-06 2.859;-06

914 5.615E-05 - 3.423E-05 1. .905 1'1"66"--0i5 5.875E-06 3.8495-06 4.29b.,-06

1219 6.815-sE-5 4.3014E-6.5 2..264E-05 1.517E-05 7.770r-06 5e206f-06 5. 57--O"
1)24 7.256bt-0 4.Ib4E-05 2.571-05 .. 73E-05 8.953a-06 6.08n,-06 6.958d-06

FLIGHT NO. 86 FILTER NO. 3
PATH._IADIANCE FROM ',ROUND Tr ALTITUQDE(ATTSSTER.SQ.M MICRO M.)

ALTIlUOE ?ýNITH ANGLE OF PATH OF SIGHT (UEGREES)
1.... 0ET. $ ---- ---- ,3 - - 9'0 o u1 120 15'I "o

305 1.O11E-0o, 5.563t'-06 2.664E-06 1.701,-06 7.926-1-07 4.600,:-07 4.987t -07
-- - id 1.H b•...._ _•I.••t_-•.5__ ___LLO __ 6._3,z96-n6 1.566E-06 9.6W6-V.7 1.1121-0(6

914 2.70SE-05 1.580F-05 7.812E-06 5.075E-06 2.468ar-06 1.59V-06 1.92L-6O

------ 1219. ----- 33.U-=05..2,06 _ -.00 5 _ _ - 1.012E:-05 .6..652'-06 3.314c-06 2.247-06 2.739"-06

1524 3.843=-0n 2.379E-05 1.223t-65 8.140.-06 4.098t-06 2.961*-06 3.627•T-C6

FLIGHT NO. V6 FILl'R NO. 4
PATH AADIANICE FRUP u.AiUUNO TO ALTITUDE(WATTSISTER.SQ.M MICRO M.)

ALTITUDE 7?NITH A.'ILC ..F PATH OF SIGHT (OF47;,EES)
METERS 93 95• I00 11,3 12, 15'; 1 "0

3.)5 1.455S-05 S.013'-.6 3. 839ý-6 2.535f-no 1.279,--06 9.109-07 9.133e-07

. 610 ..... 929 :)'" 1.47T'3-05 7.249E-06 4.769E-06 2.437!-L6 1.5821-06 h.b22L-'6

914 3.511Sl-S5 ?2.03L•05 1.0331E-5 6.872'-06 3.576E-06 2.380=-06 2.77ýL-O6

1219 4.341E--O_.. 2.61tL--05 1.337t-05 8.977E-06 4.739E-06 3.233-06 3.8941-06

1524 4.7871-05 2.962L-05 1.548E-05 1.943Z-05 5.573E-06 3.884(,-06 4.733"-06

* FLIGHT NO. 6 FILTE N 5 .
PATH RADIANCE FROM GROUND TO ALTITUOE(WATTS/STER.SQ.M MICRO ".I

----------------------------------------- - Z'ENITH"ANGLE OF PATH OF SIGH- -DEGREES)
METERS 93 95 100 105 120 , 3 .1

.. -30-5 ... 472-' .- 3--O 6.83-E--" 4'.392E-06 2.C68E-06 1.226,-06 1.325--06
4._ _. -5 . 2.._4231-0 1.226E-05 8.001-06 3.843F-06 2.29u -('6 2.44S--06

914 5.253E-05 3.305E-05 1.726E-O5 1.144iE-05 5.634.-C6 3.59t-C6 3. 726::-U,
_-1219 6.140E-05 4.029E-O5 2.168E-05 1.45FE-05 7.319E-06 4.8'89.-06 4.9T0 -06

1524 6.741E-05 4.608E-05 2.556E-05 1.738E-05 8.873E-06 5.652t-06 6. 18P' -06

6-40



AZIMUT M FAN P& MWi4ý ILTER- NOq. 1

Az~L t~iT ZENITH ANGL.E OF PATH OF SIGHT 19EGREESF)
.I9TeGA ------ -M ------ 1A ------ 0Mo--- 120 050 ISO

305 3*12SE-05 1.120"S0 9*437E-06 6.424"60 . 5JS-0 .014 .9 6

914 6.425E-05l 24.0791L-OS55 1:213E-05 1.529-05 4.421E-06 4.7911-ft4 5.0001-4

1524 99025"S0 4.2111-05 3oSZ7E-05 2*449E-05 ZeSASE-05 9.1911-06 9.77914

PLIGH NO. 64 F-ILTER NO* 2
* PATH RADIANCE FROM GROUND Ta ALTITUDE (WATTS/STERoSO.M M ICROMl

iliTTUmE ZENITH ANl9E UP PTH OTIIUTIDESRIES)
MEES 93 9to10 105 120 ISO Igo

3 0 5'-_2'7 rVl-9- r.M W 1.5rr57 71 -r F'4Y ON345 -- W-f 24741-w-04 IlM -
610 3.881E-05 2.329E-05 I.23OE-05 8.4161446 40650E-0 3.209E-06 2.0596-04
914i 5.26VE-05 3.z67Ew0-5 1.754FUS lez2yt-oS 6.132Ezas *.iuxt-, *.WollW

1219 6.46SE-05 4.143E-05 2*2561-05 I.5453E-05 5.7211-04 6.250E-ft 5.8511-04
152-S4 6.43-0 -------0 f.410 .86-5~ 910 .1616-06--_6WV

FLIGHT NO* 86 FILTER %Do 3
- - -A~h JL~ERMA~R~JN LT ATHiYPMtATII$/TRK-Atf! CRA P.)I

AITITUDE ZENITH4 ANGLE OF PATH OF SIGHT (DEGREES)
.- imuRks ---- - ------- - - 105 _ý 120 Ig0 160

305 1.0*9E-O5 5*89SE-06 2.9571-06 1.9551-06 9.7261-07 5.9431-07 4.967t47W
'10 1.. 3166-Os 1,052E-05 503M=606 1.602t-06 I.1 .. *~. 9 A f~f
914 2.5751-05 1.5351-05 7.961E-06 5.5051-04 2.,M1-0 2.062fo46 1.932-04

1524 3.664E-05 2.310E-05 1.226E-05 84ý731-06 4.5231-0 365516-06 3.6211-04

FLIGHT N#o. 86 FILTER NO. 4
~~~~~~~~~~BG Be) - -1gaSwI..ITUET~iTf.0.Jift...------------------ -

ALTITUDEZENITH ANGLE OF PATH OF SIGHT IDEGREES)
ME.... .. 95s ------- Lr ~ - 150 100 ID120 --- 9 o

3A05 1.210E-05 6.86SE-06 3.5631-06 2.466E-06 *0YE- 'W ý I.O044
610 2.2O7F-O5 1.J5 jF-QS 6,7671-06 4.6978-06 2,7271,06 2.6-0 JR2Evjii
914 3.080E-05 1.843E-05 9*796E-04 6.624E-04 3.9411-06 3.3-041M" * 2.7Z21-0

---- WZ11---- 3.iMAE= ivzi: ----I W.9-4fl--0 Aw L-iLA 5.29MIAQ -I.rn A 9.$ ,
1524 ',.340E-05 3.0286-05 1*6271-05 1.1271-05 6.259E-06 407111-06 4.73*1-04

FLIGHT NO. 86 FILTER NO. 5
I ~PATH RADIANCE FROM GROUN TO ALTITUDE(MATTS/STER.SO.M MICRO 4. )

ALTITUDE ZENITH ANGLE OF PATH UP IGHT IDEGREES)
PE9TE1S09.J 05 120 15O &so

305 2.192E-05 1.269E-05 4.5051-06 4.3601-06 2.3221-04 I.551-04. 'u
610 A.64A8Fljs Z 20. flhiviaEQD -- t 4MW-. 2.~eXX24410
914 4.8541-05 3.094E-05 1.4141-05 1.150-05 6.19*1-04 4.1910 30.126E06

---- 1jA2M.AQ5~4911
* 1524 4.4176-05 4.417"S0 2,;5O7E-05 1.7491-05 9.5141-06 4.5151g-0 4.154144

8.41



AZIMUTH OF PATH OF SIGHT = iao
. F--I N'O,-86- FILTER NO. 1

PATH RADIANCE FROM GROUND TO ALTITUDEIWATTS/STER.SQ.M MICRO Ei.)
ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)

METERS 93 -------- 100 105 1f 1PO iflO
305 3.IOIE-09 1.813E-05 9.T6E-06.6.498E-06 3.606E-06 2.458n-06 1.98P:-06
hiD ..- 522E-05 2.7RIF-05 1.491E-05 1.027E-05 5.6431-06 3.755C-06 3.119FC-06
q14 6.34SE-O) 4.033L--05 Z.lq3E-05 1.518E-05 8.3681-06 5.683f-06 5.080P-06

1219 8.153E-05 5.363E-05 2.967E-05. 2.069E-35 1.1Af8%.-05 u.016!-C6 7.¶589t-06
1524 8.915.E-05 6.144C--05 3.497E-05 2.455r-O5 1.36?'--OS 9.,1161.-06 9.77qL- Ob

F.IO;HT NO. 86 FILTER NO. 2
PATHt RAUIANC- FROM ..;ROUND :.M ALTITUOI:, NATTS/$TE-(.S4.;.m VICP.' i" .I

AL71TU13E EZNITH ANGLE OF PATH OF SIGHT 1JEGREES)
MIT:Rs 3 ... - -5 10- 1-0 12: 1 J0

305 2.6AOE-OS 1.538E-O.• 8.038E-06 5.5200-06 3.°115.-06 2. 2 "V10- 6  1.905:-C6

010 ... 3.819E-O . 2.3001-05 ...... 26.E_-0-.5 _8.454C-06 4.739•'-,o 3.310c-06 2.8591-06

914 4.190.-,V.• 3.224':-(15 1.736E-05 1.2011-05 6.709r-Cob 4.715T:-J6 4.29A1 •-06

1524 6. 5. ul -o:i 4.5571!-04 2.441c-05 1.774;-.-05 9.87%.-06 7.112r-06 6.95;--06

I-LI.;H1 ,,.J. •h FlLr.•'ý 4C.

---------..... . -L. .• LA CE._E -F?,. -LRUIJ 1_ TO.. ALT ITUCE('JATT.$/ST1:.t.S5 -.M MICRO 4.)
ALTITUDE ZENITH ANGLE OF PATH 1lF .SIGHr (DEGgEES)
S. . .- Jt EF --- -3 ------------ . 5 .............. 1 0 0.L - -.............. . L .. , -. r.

305 8.202E-06 4.630E-06 2.361E-06 1.597F-06 6.669E-07 6.00A;.-07 4.9871--O7
410 IMEr.F--O €.Ot2F-06 4-a639LE - 06-3 . L10'- 06 ........ OUf-Ob 1,229ý-06 1.0t121-06
914 2.330E-05 1.387E-05 7.7A63-06b 2.89E-06 ;1.664E-06 1.955V-36 1.922i3-06
9...IZI'J ...... 2. O2&S-ý U----- 1.82L-8-5O ..... -5 ...... E06 ..... -. 5317-06 2.647L-06 2.739-06

1524 3•toSE-03l- 2.187L-05 t.t351-05 7.945C-46 4.154 46-06 . 3.827.-OC6

FLIG;HT "0O. P6 FILTLJ V~. 4

PATH ,HA•IANCE. FROM (;ROUNf TO ALT t rUrE(WATTS/STL'.SC.Nf. IC-.C 0'.I
ALTIIU1OE ZENITH AN(' 8LE OF PATH OF SIGHT (IIEGREF.)

305 1.255-E-75 06 3.u763E"-6 -06 ' 2-.428---06 1.547.A.-06 9.1332--07
610 .. 6L-O5 _.2.496-'5 7o 134E-06 7..134-06 .. E 31, ' -41f 2.208o:-06 I.e2ZE-06
914 3°.2086,E-(V 31.Iý-Oj 1.027E-05 7.174E-06 11'.32-Co- 3. 1.'-06 3 .7•21T-06

16W4 42s2 I -ob 2.845E-01 1. 347T-P)5 1.004!-r-5 0.11cf.-06 4.784t:-06 .•.-0b

A!, T I IUE --- ZE-FNITH AN :E 0 F PAT. H OF SIGHT {IFG•EG:'z))
• ME'TERS... .. 93.. ... . 95 100 1 r,; t,• V?; .;)

10.5 2.1604E-;r,.5 -1.-2 .SgE-C5 " 6.552i:'0(6 4.47",.'--n :1.452.;.-,; 1.66•G325,.-C6

-Sit 4.611L-1•5 2.214L-05 1. •83E-:•,5 8. 12Zý ,-o6 4.437k-0o, 2.977--06 2. 44S'.-0Ub

)14 •.€I•.)5 3. 0761V-i 1 . 677;•-O5 1.° 15413-05 6.32Z;,-['6 4.260;W-U6 3°726ý-0b
17.19 5.749V.--)*v U 3Fr5 2 1.1io 144:0 F,1.04ý,--U6 S.443'-n6 4.1)71:c-06

15;.4 (1. 314 I'-o)l 4. 4,71:-9,5 1. 1•:;r . 7.57ý-o5 ".S e•i-06 6* 5TCo.'-06 6o Id6k-Ob

6-42



AZIMUTH OF PATH OF SIGHT - 270
FLIOHT NO. 86 FILT-RE-R o7--

ALTITUDE ZENITH ANGLE OF PATH OF SIGK' (DEGREES)
..... e .. Los 10 . .5 120 1SO ISO

305 3.049E-05 1. 755E-05 8.895E-06 16 L042-O6 . .983F-06 1.98E-06-
61...0 2,716E-05 -L.420E-05 9.545E-06 4.919E-06 3.147E-06 3.119E-06
914 6.33?t-05 3.984E-05 2.12SE-05 1.44iE-05 7.574E-06 5.OOSE-06 5.0401-06-

----- QEO -.37E-5 .917E-705 2.006E-09 1.063E-;05. 7.402E-06 7.569E-ý06
1024 8.908E-05 6.111E-05 3.452E-05 2 -05 302E-0 9.34?E-06 "9.779E-6"

FLIGHT NO. 36 FILTER NO.. 2
PATH -RAi IANCE FROM GROUND TC ALTITUDE(WATTS/STER.SQ.M MICRO NM.

ALflTU0E EIHAGEOPAHFSGH (EGGS-..
METERS 93 95 100 105 120 150 I80

305 2.631E-O"' 1.501E-05 7-.647L-06 '5122-6 . 2..712E-06 h.6SIE-06 1.905-06

61. 3.792k-05 2.25TF-05 1.175E-05 7T920E-06 -4.186F-06 2.805E-06 2.8S9E-06
114 ..- 190-05 - 3. 189- (5 . .. 6-6?E0-'- "-E-T¶- 6.09010.6... 147Eý06 4. 296E-06

1219 6.380)E-0.S 4.0631-15 2.1941-05 1.502E-05 8.1S7E-06 5.687E-06 5.857E-06
1524 6.845E-05 4.526E-05 . 2.OOE-O5 1.723E0...9.360E-06 6.675E-06 6.958E-06

FLI.HT NO. 46 FILTER NO. 3
PATH..PAIANC. FROM r;R0J'ID TO ALTITUOFDWATTS/STER.SQ.. MICRO M.)

ALTIIUDE ZENITH ANGLE OF PATH UF SIGHT (DEGREES)

----------- .. ------------- . . . .. 9 .. .- 1po 5 . ....... .... . 120 150 to0

305 .799E-tj 4. 094[,E16 2.41SE-06 1.585E-06 7.853E-07 4.915E-07 , 4*97TE-O7
___ 6iJ.~0j~9j--A6 .0~0JO~0 .610 1 .03IE-06 1.1.2E-.06

114 2.434t-25 L.431I.-O5 7.276E-06 4.836L-06 2.487F-C6 1.713E-06 1.922E-06
S...1...319-... -3,----.... 1,4.1-.. 9.54OP-06-. 6,41.Q1 -.. 3771-06 2.445E-06 2.739E-06

1324 3.RIP-05 2.215F-05 I.66C-05 7.896•-06 4.236t-06 3.371E-06 3.827L-06

FLIGHT NO. 16 FILTER NO. 4
PATH.11AOIANCE FROM GROUNU TO ALTITUOE{WATTSISTEo.SC.M MICRO M.)

',LTITUOE Z.NITH ANGLE OF PATH OF SIGHT (DEGREES)
M1ETERS )3 95 Ion |C5 120 150 180
METERS.... 130•• 1001- 6,3lE•..gJ b........54-6 .. 17T-6 ,2•03 35 1 .2 .51-05 7. rObSC-06 3.'6116--06ý ----2.45'q3E'-06 ""1.-336E-06 9.0351-07 9.133E-07

510 ---. 2.306-05- 1.331E-v! k.816, 'j---___.2.564E-06. 1.757E-06 1.822.i-06.
91-t ..2fl7•.-OC, 1.9jnt.-.S 9.939F-06 6.810E-06 3.745"-06 2.613E-06 2.772E-06

1219 24.,ZE-0'. . 4.452E-05 1.30U0-015. S.96-0506--. 4.991-06 3.619E-06 3.842E-06
"1524 4.583E-05 ý..644E-J5 1.530L-wi5 1.062e-O 5.903E-06 4.437F-06. 4.733E-06

FLIGHT NO. A6 FILTER NO. 5

PATH _AOIANCI- FROin qROUN) TO ALTITUOEIWATTS/STER.SQ.,P MICRO M.)
ALTITU-E -LiNITH ANGLE OF PATH.SIGHT-(OEGREE "

METERS . 93 90.. -.0LIO 105 120 150 1S0
S305. 4 2 6E-0% 1.234r-.)5 a.761-06 -4.16-96-06 2.1221-06 1.349F.-06 1.325F-06

610 .. 3.5921-05 ?.1m,-•5- 1.13dE-05 7.649E-06 3.924E-06 2.481E-06 2.445E-C6
914 4.0S0E-05 3.0411-05 1.629E-05 i.135E-05 5.744E-06 3.696E-06 3.726E-06
1219 ---- ,,-5.706E-05 -3.763E-65 2.073L-o5 1.420E-05 7.5OOE-C6 4.938F-06 49701E-06
1524 6.336E-05 4.350E-05 2.459E-05 1.70SE-05 9.132E-06 6.158E-06 6.186E-06

6.43



__ AZjMUTH -OF PATH C F SIGHT
_F7fLGHT N.- 86ý FILTLA NO.

* DR~CJO.ALPAH RFL TACEFKG% OifJUND TU AL 7ITUDE -

ATITUDE ZENITH ANGLE OF PATH OJF SIGHT IDElGREES)
METERS ..93 - .95- -- I ) 105 12U 150 180

'1-15 8.558E-02 4 . 4 .6 E- Q2 2.012E-02 1.i62E-02 5.827E-O3 3.491E-03' 3.830E-03

61 2-.4402~k~ -01 -O 3.338E-02 --.2.08SE-02 9.622E-03 5.680E-03 6.069E-03
914 240-1 1.183E-01 5.147E-02 3.21l2E-0:12 1.S01E-02 9.210E-03 9.976fE-0.,

* 1219. _. 3.ia7.f:!QAk-- I-7Z~-0....7p4012-02 - .S.40.F-.-O 2.146F-02 1.370E-02 1.504E-02
1524 4.987E-01 2.1962-01- 9.061E-02 5.605E-02 2.629E-02 1.741E-02 1.959E-02

FLIGHT NO. 86 FILTER NO. 2 ----

-lLl0LPAt-&&V Af _" O TAIT--E ---------

ALIIUO2ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
K T ~ ------------ -J Q 13 105 120 ISO IS0

305 5.887E-02 3.070E-02 1.424E-02 9.096E-03 4.399E-03 2.644E-03.3.204E-03

-1- 99F- 4 7F0 2.27132-0 1.462(I--02 ..936E2-03 -74.3872-01 4 -.8452-03
114 1.5.OoE-01 7.5102-02 3.3652-02 2.132E-02 1.027E-02 6ý.5ý9W2-T 7.332t-03

J-219 --- ZAiQf::Q I------..... ......~2 2 ....-0 .1..3710E2-2 ---- ..92 E-06---- 1-.007-02
1524 2.609E-01 1.232E-01 5.341E-02 3.357t-02 1.61OF.-02 1.0602-02 1.20SE-O2

FLIGHT NO. 86 FILTER NO. 3
AlTU

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
Mr-s 93 -..-.--------- .--------- 1- 120 15(1 180

305 .4.0082-07 2.116E-02 9.8352-03 6.220E-03 2.869E-03 1.6562-03 1.796E-03
610 A.08AF-02 4.232E-02 1,943E-92 1.jý25.:7242E-03 3.484E-0.3 02-0
914 1.292E-01 6.697E-02 3.04S2-02 ý1.9242-02 7.103E-03 5.824E-03 6.9871-03

12.1.9. 1.7492F-Ol ,1Q.,~O-t ~~20 1.2* 1--02 8.229E-03. 1.000oi-0k
1524 2.214E-01 1.1182-01 5.0202-02 3.183L--02 1.539t-02 1.090k:-02 1.404E-02

FLIGHT NO. 86 FILTEit NO.-A
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

WOiTUOEZNTH OER S
METERS 93 95 100 105 120 151)10

~ 2533-03 1.600E-03 1.8012-03
~J6 OOIE- 3. IOLE-02ý 1.494E-02 9.674E-03 4.8167.E-03 3.136E-03 3.607E-03

914 6.1s26E-02 4.657E-02 2.181E-02 1.416E-02 7.200E-03 4.741E-03 5.512L-03
b zlAF=-,? ------ bS E-O;k9- ---- 1.6802LE-02 9.619E-.0.3 6.482E-03 7.669E-03

1524 1.4282-'01 7.391E-02 3.4282-02 2. 2302-02-- 1-.14 1 -02 7.811E-03 9.498F-03

FLWH I NO0. 86 FILTh'S NO. 5
DARECTILINAL PATH REFLECTANCE FROK GROUND TO ALTITUDE

ALTITU')E' -z'imirH ANGLE'OF* PATH 07P-S'IGHf (DEGRtEES)-
-3 - 9----5 100 105 123 IS0 180

3105 9.SOIE-02 4z913E-09 237 :-02 14¶-J----6.-466E-03 3.79S2-03' 4.093E-03
610 Jj.._~.. 953-' 4.2612-02ý 2.ýL665-02 1.-2272-02 7.1762-03 7.638L-03
914 3.029E-01 1.462E-01 6.3502-0?o 3.95HE-02 1.63SE-02 1.996E-02 1.1752-02

.1219 4.290E-01.1.984tv"01 . 8. -417E-0Z 5.-224E-02 ---- 2.4292E-01 1.4702-02 1.502E-02
1524 57601 2.'5312-01l 1.048E-01 *6.467E-02-3.0012-02? 1.8312-02 1.9682-02

- --- ---- ---- ---



AZIMUTrH OF PATH OF SIGHT ,, 90
FLIGHT NO. 86 FILTER NO., I

TALTITUDE
ALTITUDE ZENITH ANGLE OF PATH OF SIGHT DGES

METEf$. 93 95 105 120 ISO IS0
7os 7.523E-02 3.94E02 -0 . 9.'TE2-2 .... 6 i' -0. 6.fS, "-Wg 4.64.E-0S3..'01-5

610 1h334E-01 6.861E-02 3.219E-02 2.113E-02 1.102E-02 7.2404-09 6.069E-03
914 2.25BE-01 1.110E-01 5.041E-02 3.282-02 1.706 "2- .. 1-.----2S.....Jll... .xlQ-IIL .. ~e(•,.-Oj ) I L _ _74;).k.OL ._ 4._630 !!-02 ;38_5E..0 ... ,•,-1 .5io l-D2

1524 4.792E-01 2.127E-01 9.014L-02 5.727E-02 2.678E-02 1'9li1,0'1.. '4E--'

FLIGHT NO. 86 FILTER NO. 2
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

"ALT ITUDE Z.ifTT-- ANGL• OFPAHOF " " S-
METERS 93 95 100 105 5120 ISO to

._ 9.• 0ZE-02 4.715E-02 2.260E-02 1.498E-02 8.01E-03 5e537E-03 4.6485-03
914 1.407E-01 7.169E-02 3.355E-02 2.210E-02 -i-lo-@ .... 2E-,"Lr

... ., 2.9412-02 1 .5E47-02 o1.001•-02 1.007lE42
1524 2.497E-01 1.193E-01 5.330E-02 3.452E-02 1.7S5E-02 1.24TE-02' .205E-

FLIGHT NO. 86 FILTER NO. 3
S-. .------. D--.I- I iE A L.AT_ R1iFk.E TAf• tS.W•. ._ Ig....ALI..LT ........ .
ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)

, ET R 3 - - - 95 .0 .. .. .. --.. . .120. 150 ..........- - IO..
305 4.158E-02 2.243E-02 1.092E-02 7.146E-03 3.522E-03 2.4IVE--O 1.796E-03

.. 0 7.9.08F-02 4.232F-02 2.042E-02 1.3nE-02 6.8373 .. . 022I-03
914 1.230E-01 6.507E-02 3.103E-02 2.041E-02 1.062E-02 7.565E-03 6.967E-93S....l.lq... 1L,.b._-O. .....I!,7.SE.-OZ... 2liOA53LE-..0Z6,..,bZ3L.-O?.-,_.Z.3i4L• .0 Z.. .... 1.QiLIELI .... _0OQE_-J2.

1524 2.120E-01' 1.085E-01 5.033E-02 3.266E-02 1.6991-02 1.3072-02 1.404E-02

FLIGHT NO. 86 FILTER NO. 4
------........................

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
95f Tf._ 9) -- 10- 105 120-- ISO150 180

305 2.583E-02 1.416E-0)2 7.172E-03 4-.92)-7 3 2864 .0~-I 1i
610 5.I11[-02 2,78JE-02 1.395-U2 9,.529E-03 5.445E-03
914 7.1412-02 4.180E-02 2.068E-02 1.40TE-02 7.996E-03 6.00so-O• 5.512E-03

....i .__,I ..- .. _.._ 9...._-.....!. 1._.0562_-02 . .. ;_.-01 . 6692-03
1524 1.444E-01 7.557E-02 3.603E-02 2.396E-02 1.261E-02 9.474C-03 9.408E;-03

FLIGHT NO. t6 FILTER NO. 5
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE
NM kTERS 93 95 100 105 120 ISO 180

305 .. 24'-2 4.444t-02 '. ,'2?-02 ... 1" E-02 . 260E-03 4.6011-03 4.0931-03
610 1.726E-01 8.Tg6E-02 4.0852-02 2. 6602-02 1.3602-02 8.876E3 T76.6E3-03
914 2.800E-01 1.369E- 0 1 6.165E-02 -3.979E-02 2.019E-02 1.32@E-.02 1.17522"

1219 4.033E-0 1.883E-01 8.220E-02 5.253E-02 2.632E-02 • 1.7272-02 1L.562-E62
1524.. 5*.40-0-:1- -2.26-O . .'281".. 5" 2 - 3.218-02 2.110E-02 h.91E-12"

6.45



AZIMUTH OF PATH OF SIGHT - 160

ALTITUDE ZENITH ANGLE OF PAIN OF SIGHT (DEGREES)
-.... E. .93_ 95 . . .105 120 IFO l -

305 7.466E-02 3.969E-02 1.935E-02 1.2976-02 7.034E-03 4.746F-03 3.830'-03
.1.21E- A684E-02 30221"-02 91289R02 _-1k.122E-0? 7.330C-03 6.0691-01

914 2.230E-01 1.098E-01 4.994E-02 3.260E-02 1.695E-02 1.1211--2 9.97e.s-03_. •|•.... • •0•.....•#. ..... •|.• ...... • ...... 2ý3.7ýE-0 1,599k0 1•4L0
1.219 ---- lp.4-0 FE.O ..... 3716F:qZ-02 1.9902 1.5i04r--02
1524 4.734E-01 2.103E-01 8.937E-02 5.696E-02 2.872C-02 1.982E-0? 1.959?-02

FLIGHT NO. 86 FILTER NO. 2
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITU"E ZENITH ANGLE OF PATH OF SIGHT [DEGREES)
.. M•Tl R 9J q95 100 105 120 Is'• !C

305 5.343E-02 2.863E-02 1.416E-02 94-4 3 ------ 572*9f[-bI" 3.741E-03 3.204-0
0. b10 8.656E-02 4.657E-02 2.252E-02 1.504E-02 8.168E-03 5.623E-03 4.845t--
914 1.386e-01 7.073E-02 3.321E-02 2.196E-02 1.7-3C-02 8,t77t-03 T.332;-C.;

--.---- -L.9.?AF-t -- -4..... 57 ---0 ...920.-02- .539E-02 1.065E-02 1.O0lt*-o.'
1524 2.46SE-01 1.179E-01 5.279E-02 3.42?E-02 1.T777-02 1-2386F-02 1.205V-0i

FLIGHT NO. 86 FILTER NO. 3

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT IDEGREES)
-93fTe -- - 9........... 95 ........... 00 .. 105 120 150 IPC

305 3.251E-02 1.761E-02 8.717E-03 5.639E-03 3.138E-03 2.164E-03 1.796t-O0
-.0.L 1.172E-02 . 6.269E-03 4.455E-03 4.022.-U03

q14 1.113E-31 5.877E-02 2.801E-02 1.853E-02 9.826E-03 7.122r-03 6.987:i-01
1219 ... .. 41.-0L....8... 47E-0 . 3..70E-02.... 2.491E-02 1.315E-02 9.694L-03 1.000L-O0
1524 2.007E-01 1.026E-01 4.75SE-02 3.119E-02 1.635E-02 1.274h-02 1.404E-02

FLIGHT NO. 86 FILTER NO. 4

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
95 1 00105 121. V)' 100n

305 2.767Eo- -'02 76-02 7 . . 0 4E- Y! ... Th-63 3..0636-C3 2.24GE-03 1.S0IF-o3
- .• •.417P-02 2.%08F-Q2 1.471E-02 2-5.853E-03 4.37gi-03 3.60 1;-0-

914 8.064E-U2 4.363E-02 2.167E-02 1..•79E-02 8.397.-I3 6.225!-03 5.•12-0.
1U ~ 1.~.zV--.-----Z. .95E0 1.094. -fl/ 8.127F-C3 7.669,..-03

1524 1.349E-01 7.100F-02 3.426E-OZ 2.30RE-02 1.?17.-02 ).622?-03 9.48.K-03

FLIGHT NO. 86 FILTER NO. 5
Q~fI~J~NL PTHA EILCTACEFROM GROUND TO ALTIT7WE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT IDEGREES)
.ETERS .93 92 O0 105 120 lo l.u0

305 8.302E-02 4.407T-02 2.143E-02 1.430E-02 7.669-03 5.118-03 4.093:-0C
610- 1.710E-01 8.756E-02 4.112E-02 2.7Q6._2_ 1._ 417E-O2 9.330t-03 7.636.1-Os
914 2.776E-01 1.361E-01 6.166E-02 4.006E-02 2.059E-02 1.3501t-02 1.175--0,.

--21- -4----------- 0-----------0 2.670L-02 1.744-o •I. "?1"-0
1524 5.4506-01 2.4206-01 1o029E-01 6.53$e-02, 3.256P-02 2.12317-02 1.9bribl0.k



AZIMUTH OF PATH OF SIGHT 270
FLIGHT071 FO 8ILTER NO- I

DIRCTINALPATH REFLECTANCE FROM GROUND TO ALTITUDE
ALTITUDE

METERS 93 95 100. 105 120 150 IS0
305 !- 73;Cbfk02---- 3-. "Ir-2 ---- .Sc&6`-0W2x;1aa7-o6V-2 S. 9)3E-03' 31.62TE-Ol--
610 1.307E-01 6.653E-02 3.067E-02 1.9781-02 9.7&4k-03 6.144E-03 -- .069*-03f

14f' 2.227E-01 1.0841-01 4.941E-02-b -1. SUE--t,2: 9.07415-0-V -f.97,7EFW
1219 . 3.478k-0t .1.ý61.61-01 7.0161-02 4.467E-02 2.237E-C2', 1.493E-02 I544,
1024 ...30-O 2.092E-01 i7.8221E=i-0 --- 5.-K601-0Z2'- '2.746E-02 1.8876-02 ~.61o

FLGTNO. 8 FILTER NO. 2, .*

P R;T9A_0T ALTITUDE 1210 - 10

305 5- .283E-02 2.794E-02 1.347E-02 8.8581-03, 4.607E-03, 3.1E0 3 E-03
61*M,69-2,~ E-02 1.4O9EtU 4L j.,5E-03, 4.7671-03 4*64Si-03

914 1.366E-01 6.997fi-02 3.225E-02 2.069E-02 '.1.064E-02 ý7.1031-03 _7.3732E-03ý
1219 .195-1 *.*9- - .. j jZZ..143 02 9.822E-03 -1.007E-02g-
1524 2.462E-01 1.171E-01 5.194E-02 3.329E-02 1.684E-02 -1.163E-02- 1.2051-02

FLIGHT NO. 436 FIL ERO. 3
.DIRE !IDM1AL -AT W. RE FL ECT A4~4CE., KPRO GROUND. Th0 ALT ITUDE._,_

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
--------------953-------- ------- ___10l-------------i120_ 150------8 ISO

305 3.487E-02 1.862E-02 8.9281-03 5.796E-03 . 2.843E-03, 1.7731!-03l 1.7961-03
&A~f 7-.i3&F-f2 A77L-02 1,78FlA-02 1,156F-O 5i.12&E _.03.Z.3A7Uf6_Q3).4LWU22.Q~gi
914 1.163E-Ot 6.066E-02 2.836E-02 1.833E-02 9.173E-03 6.241E-03 ý6~E7-03

----- .211 -- L..594 ErO I __A22AL1.-02 ---. 3~AIAE=02 ------- i-L .9*103
1524 2.0471-01 .1.041E-01 4.787E-02 3-100E-02 1.591E-02 1.243E-02 1i404E1-62

FLIGHT NO. 866 FILTER NO. 4
DI--------.AH-A -ICALUKGM -0 AL 13M.

ALTIrU,)E ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
T__ R9. - U i3 iý10 120 IS 1I0SO
305 2.664E-02 1.4S81-02 7.2681-03 .0-3 264-3 173-0 1.1-0

6J. ~ 1~L7 2-s79Fo' .419F-n2 9-57-6fii11-D3 3.44.-3 307E1-01
9t4 8.05.9k-02 4.309E-02 2.0982-02 1.403E-02 7.539E-03 5.205E-03 5.5121-03

1524 1.367E-01 7.146E-02 3.4051-02 2.261E-02 1.2081-02 8.9231-03 9.4861-03

FLIGHT NO. 86 -FLE O
DmIRECTIO-0NAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE _ZENITH ANrLE O3F _POHOFSliGHT_ (DE`GRlEES)_.
14ETERS- _93.- 95 to Los_ 105-----20 150 ISO-18

3105 8.2481-02 4.323E-02 2.0471-2 .3310 6.6351-03 4.1761-03 4.093E-03*
olO l.TOI70E-0L_._.8.6166-02 __.9.57ET!OZ. 2.5481-02._ 145.ý31-02 7*776E-03 7.636E-03,
7t4 A.770E-01 1.3461-01 5.994E-02 3.824E-02 1.671E-02 1.1721-02 1.1751-02

1219 .396-0 - 8310 .3k02 . 5.091F-02-2.891-02 .52-02 1.5821-62
1524 5.4011-01 2.389E-ý01 1.008E'-01 6.342E-02 3.08'9E-02 1.9951-02 1.988E-42-

. 8-47



I

FLIGHT 87

Starlight before moonrise. Data were recorded over the Gulf of Siam approximately 8 km south of
Rayong. The water depth was approximately 20 m (10 fin). Data-taking started at 1926 local time and was
completed at 2037, before moonrise. At the beginning of the flight there were high cirrus clouds to the

north. Near the end of the flight some stratus was seen along the beach line at an estimated altitude of
1000 to 1200 m.

6A49



I I .I4 AT T*7 I. ' I, ' I '

jAL IrI Mt iuNN- 11pl- SCALAR4 SCALAR SCALAR SCALAR
(METERS) .IILLINGC WFLI.146( ABEDfiO DOWNWELLING UPWELLING TCTAL ALBEDO

191 ",5b0 1.394L-O#. .159 1.7eaE-u5 b.788E-06 2.2F7F-05 .339
481 M.23II:-06 1..344t-06 .163 1 .57?E-P 5  6.523F-06 2.2;SF-OS .415
790 d,0.1OL-O0 1.250h-Oh .154 1.581E-t;S 8.7550-06 2.2!6F-05 .427

list 6.ýO0Ih-06 1.80t-U6 .220 1.6In4F-,5 1.035F-05 2.0~9E-05 *645
1398 6.8Rkh-Gb 1.49Qr-06 .169 1.7?DE-(5 7.758F-06 2.5c2E-05 .450
1700 A.i8*t-06 2-081r-06 .248 1.61/F- 5 1.045F-05 2.6flE-05 .645

rLIoHT NO.b7 FILTER NO.
Ir(RAD1A4CE(WATTS/S1.M.HICRl 0.~)

ALTITUDt- DO1WN- up. SCALAR SCALAR SCALAP c;CALAR
(METERS) WELLINI', WrILLI '4f, ALREDO flOWNWt:LLING UPWEI.LING TCTAL Ai.RFiDO

192 9.S90~-06 t.471U-0t, .157 1.860 E-r~S 7.679F-fl6 2.6,7E-05 .413
481 Y.191t--06 2.425k:-06 .264 1.802E"'5 1.089F-n5 2.851E-05 #604
790 Y~lWu 1-662t-06 .180 1.82UE-05 9.77IF-n6 2.799REC5 .537
1l1ost .~-O 3.286h-06 .340 1.916E-,5 1.791F-05 3.7r7E-P5 .935
1.397 1.0.01b-0r. 2.237t-0i6 .223 1.9We- 5 1.152F-05 3.1!8F-05 .580
1701 9,74hh-.0o 3.167t-06 .325 1.9fl4E-C15 2.4oaF005 4.3C4F-r5 1.260

rLIuHT NO.67 FIt.TLR No. i
INRAD1AIC'E(WATTS/S1.M.MICRI0 fl. )

TITUDEl DOWN- IIIP- SCALAR SCALAR SCALAR SCALAR
(METERS) WFLLINr, WELL14Gr ALBEDO DOWNWEI.LING UPWFLLING TCTAL ALBEDrI

Igo 1.5,72E-05 3.765t-3he .240 4.160E-5 2.033E-05 0.107E-f5 #498
462 1.7L0. 3-352k-06 .213 3.2030-CS 1.749F-05 5.042F-n5 s531
792 1.3.52t--0h .23133:1Oh .2SI 1.934E-n5 5.1;6F-PS .606
lost 1./54t-09; 4.829t:-tUb .275 3.644F-13 3.024E-05 h.6ffE-OS .830
1396 1.696t-05 3.59IJL-d16 .212 3-5240--rS 2.199F-05 5.7;3F-05 .624
1701 21.69b-nS 4.64'JL-Oh .263 3.5(9e-'5 3.058E-05 6.6;7F-05 .857

rýIuHT Nfl.87 FILTER PIU.-
IHRAD1A'4CE(WATTS/S1.M.11ICRfl o.)

-ALTITUDE I)(WN- Up- SCALAR SCALAR SCALAR ',CJLAR
(METERS) wELLING WELLI'JG AL~BDO DOWNWkLLING UPWELLING TCTAL ALBEDO

FLIuCIT NO.87 FILTER NO. ~
I'4R&IiA4CE(WATTS/S1.M.MIrRfl 0.)

ALT!TU~b DOWN- up.- SCALAR SCALAR SCALAR SCALAR
(METERS) .wELLINr, WELL) IVj ALOEDO 0OWNW1:LL1N(, IJPWFLLING TCTAL ALBEDO

192 1.42e0e--0c 2-830t-0i .213 2.6W9- 5 1.035F-05 3.64SP-M5 P397
48? 1.422F--iv 2.279c-Ub .1/? 2.692E-i5 1.253F-05 3.9ZSF-05 .467
791 .2/- 4.117L-th. .310 2.614E-' S 1.399F~.ti 4.0316-C5 .536

1081 1.59UE-05 3-483h-06 .219 3.21,36-- 1.963F-05 5.1750-05 1611
1397 1.404h-05 2.528L,-Ob .180 2.7796-15 1.228E-05 4,0C?-05 @442
1701 1.647k7-05 5.9621ý-Jb .362 3.230E-(5 2.973F-05 6.2121-015 .918

F6IuHT NO. 87
.4NMECIIONAL RcFLI-(-T&'JCF 0~ UAM(NOUNfl

ZFNITH f*ILT:IRS
NIIt1 2 i 3 4
915 1.e'17u4 1.514E.- 1.571PA 3.97748

9ý0 727' 1449F .9)PA 2,046A7
iou *i75uO .461JI .413040 .58719
10' .?03d3 .371~fo 1.04620 .26428

1SO .66641 .08964 .10ionr .13402
180 .0/900 .08h99 .1033A lP?'41

64b J



DAB- I012e-m ~L1(HT iu. h/ iIllill LFr-VL AL I IJOE ( M.) 34 ILPsI

AlI I Nit T-¶TA 1 (AT~l-' 3OFrCT lMTR

0 1- t0 1.071L-114 9.4459-U5 6.653SF-05 1.199'-04
so0 P2~6=-04 1.0611 -r.4 9.ou4F-U5 6.63IF-05 I .092E.04
fAIl .?ý 2: -u4 1 .0h0 - r. 4 Y..i0r-Uý o. on r-n5 87E-

122 1.1,l3c:u4 L.057f-n4 9i-34nF-um h'.56SF-nt 107E0
159 2 1 -v4 1.053r.04 9.Aru ;) ~ r~Q -,6 E0
6I t.~6- .C",01-P4 9.2s3RF-tj 6.!iPFio-f 1..n3?E-o4

214 l .OhtJ.04 9.197E-u; 6.S692En5 1
0

6E-04
9j4 /.66ro~ ~ 889 -~ .321r--o 1.044E.04

945 '~i'i9 l.46F-n5 '.457F-u! 5..89F-fls 1.11SF*-04
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Fj I f 11? e'. H7 I ILTLn NC. 1

4 Ki (Ao~ IdJ- N.Nh~ FROM P0II, TO A _T I TIJDE(WA I T!ST FR.SO. M VI NO P'.
ALI IT''rO- 11-N I rp A 4( Lr OF PATH Or bTGIT (OLGRFES)

mtTm, lý05 nO105 1' 1p0 ItoIg
A -> 1.(11-0 *O e.7f01.O, 3.62oL-67 39JQE-07 1,092E-r7 '5.I2fF-08 4.139q:-fd

F.,IjHT Nfl. 87 FILTFR NC. 2
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FLIGHT 881

Starlight before moonrise with a cloud overcast. Data were •'aered over the Gulf of Siamapproxi-
mately 8 km south of Rayong. Depth of water was approximately 2u m (10fi). Weather was described as
clear with some clouds at 600 m. A thick overcast was seen approximately 30 km south of the flight area.
A thunderstorm with bright lightning fla:,hes was in the northwest- direction. Detaw-taking started at 2111
local time and ended at 2226.
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if

- - FLIGHT NU.88 I FILTL.A NO. 1

-ALTITUDE DOWN- UP- SCALAR SCALAR SCAL#.R SCALAtR
*fqf4VtAgj ---- WLI-WGU~~t1I --- IOI-Wr---XeyU --- AL ALREOD

502 9.083E-06 1.689E-06 .186 1.812E-05 1.469E-05 o 3.281-05 .811
i * Z 3.?kgeE-wo6 ------- 4;io 4332E-05- -- -6

1116 8.038E-6 1.567E-06 .177 1.757E-05 1.019E-05 2:776E-05 .580
-416' 9.435E-06 1W856E-06 .194 1.903E-05 8.854-E- i2.f789-05' "65

177 .03805 1.16-0 .15 2.0888-05 6.884E-06 2.776E-05 .-33-0

FLIGHT NO.88 I FILTER NO. 2
IRRADIANCE(WATTS/SQ.NINCRO M. )

ALTITUDE DOWN- tUp- SCALAR SCALAR SCALAR SCAtA,
ff"E -is IWELLING WELN LEO OWWLIGUWL G TOt-AL' ALFOC-0

196 1.109V-05 3.1118-06 .281 2.899C-05 1.729F-05 4.628E-05 .597
----- O6~3 E:4605 2!.431E-05 4.698L-O5 .906

809 1.216E-05 4.288E-06 .353 2.818E-05 2.429E-05 5.24BE-05 .862

1116 1.352E-05 2.898FZ-06 .214 2.4988-05 1.911-05-: 4.409E-05 .765
1417 1.018E-05 2.569E-,06 .252 2.679E-05 1.178E-05 3.857c-05 .440
1707 9.538-6 -f1)-) 24 .080 .17-11-05 3.077E-05 .615"--T- -" -- ----- ----- ---•'' : --b6 ------ -----------' - ------- -------• .... . .i; • -:5 - --i-. 7 .-----.7--- •

FLIGHT NO.88 I FILTER NO. 3
.. .. .----N. . ATT---._------- - -._

ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
tWETERSI ... ,,E•J .NA ME_ I,4.NG_ _AL..B.EDO DOW.. QNW•E LLI]NG UPWELL ING ..... TOTAL_ .AL.SEDO

195 1.537E-05 4.325E-06 .281 3.752E-05 2.476E-05 6.228E-05 .660
503 1.565E-05 4.221E-06 .270 3_. 4 5 3-05 _ 2-_. --. . 8.-0_ ....... , t4.
810 1.675E-05 4..5IF.-06 .266 4.123E-05 2.718E-05 6.841E-05 .659

_.- 11 ----- I u-- ---. 3.l---6_-... -6. - .3. ..- - .... 17 . 6-1- -O - -.... #11
1416 1.4751'-05 3.881E-06 .263 3.145E-05 2.155E-05 5.300E-05 .685

_ _9 1.... . . _... _ ' " .....- ,- - - - ----- - - - - - --------.---P.-.-.-.... _ _ _ .. .

IRRADIANCEIWATTS/SQ.M.NICRO M.)
ALTITUDE DOwN- UP- SCALAR SCALA, SCALAR SCALAM

-CAYET8S--- WEYLLI NG WFLL ING LEO OWWLIGUWLIt-- TOTAL ALBEaO-

500

1116
1416
1706

FLIGHT NO.88 I FILTM, NO. 5
IRRADIANCE(WATTS/SQ.M.mIcRo M.)

LrIY'UOE -DOWN- UP- SCALAR SCALAR SCALAR SCALAR

,(KFT-ML-WELL tGr_- YiELL ING AL-BED0 O0WNWELLING U!)WELLING TOTAL ALGEDO
197 1.162E-05 2.170E-06 .187 Z.541E-05 1.1Q0r-G 3.*7311.-OS .468

_* .. O _-7 ... 2.9918E-06 - .213 3.143E-05 1.5431--05 4.686- -05 .491
809 1.293E-05 2.429P-06 .1881 2.025--05 1.148 -06 3.973L-05 .406

1116 1.28th-os Z.m-828-06 .2zs 2.757_-05 1.367,•-65 4.119i-05 .497
1417 1.2c9&O--5 2.415C-06 .200 2.491fi:-05 1.0071-'15 3.,97ý-05 .*404

1707 -1.2181--05. 2.6.3S--06 .215 2.546,'-05 1.2188-C• 3.e241--05 .O02

- ~ ~ ~ ~ ~ --- --- -----------!~~6 8
DIRECTIONAL REFLECTANCE OF BACKGROUND

93 5.93176 4.79066 3,;7-6619 5.05326
-95 1.56513 1.80693 1.58344 3.05918

100 . V1.7 Z4 - -.47718- .72591
105 .27270 .64826 - .34030 .49964

------------- 17591 .27824
ISO .08009 .06886 *09692 * 13313

- ~ ThT~~7MW M 2192

64 -



DAE116rLGTN.8 RUD EE LIUEtPI 8 UN

ALIUETTLSAT-IGCE~~ETf~~qfk
(NI; FLES - -k-

DAT 101968-0 FL95GH0 *5..aI GOUOLVE ITUOE -f .)-7ý6 AS IU"Eal

122kRS FILTERS C, 7.97-0i ti54E 4.676Ea-.O34

I-!2 1.057L-04 7.876E-O5 5.695E-05 4.601k-OS _Sw,32E-05
S3 1.054Et- 04  7.844r!-05 5.431E-65 ~4.647E-os- 9.669E-05

913 l.064'--04 1.9231-05 b.423E-OS5 4.63WE-OS' 9.7642k-OS5
1244 1.061h-CJ4 ;.876F-05 5.246F-05 -4.310E-05 -9.634E-05

152 1.0571-4 7.6725-05 6.9F-O 4 4.61-OS 21.1 942k
3015 1.i3541-014 7.555E3-05 5.412E-OS, 4.585k-OS 9.369E-OS
335ii 1.061r -04 7.8601*-05 !0.05iio 4.406C-05 9.6123E-05
396 1.OO1L-J40 7.76394-o5 5.0246-OS 431902-O 9640

-- -- - ---- -- -- -- -
S42? 9.771r-05 7.309%-O5 5.094Lr05 4.1812-OS 8.933k-OS

457ý - -9.654&0C5 7.392;-O05 4..999nk-OS 4.152E-0S 8.9,41kEMO

488 950 i.-- 05 7.566t-05- 5.0"28k-OS 4.091k-O5S8.955E-O5
- 5I~ _ -9.235v-(0: 7.392t-05 4.9882-OS 4O

6
60. .0kp

549 9.007r-O05 1.200-OS 4.958Z-05 4.061E-05 8.901E-OS
579 9.,)65'-Ob 7. 316v-05 4.949r-05 - .9f-5_ 8-.84,4-05.
610- Ef 9.0451;-OS 7.334E-05- 4.9882-05 4o03?E-05 8.850k-OS

671 8.9111k-0S 7.264E-05 4.925L-O5 4.0382-OS 8.831E-OS
701 8.845f:-05 7.191.1-O5 4.844v-05 4.0512-OS 0 .823k-05z
732 8.603L-05 7.142L-0S 4.827hi-3t 4.057E-05 a.aazt-osf
762___ __Aj5L;-Ob. 7.116E-C5 _ 4.823F-05 4.077k-OS 8.825F-05
792 8.8371>05 7.043E-05 4.8055-05 4.08Th-OS 8.6782-OS

953 8.696L-1-:5 6.921C-05 4.813E-OS 4.0285-OS 6.527E-OS5

914 8t.646t-O:) 6.753,-05 4.802k-OS 3.998E-05 8.409E-OS
945 us.6d3r-O5t o.683L-05 4t.826&OS - 3. 984k-OS *.1j5

97S 365-~ .3:0 .6E0- 3.993E-OS 3.-368E-OS -

took 8.74-t 6.39ho5 ,7 4f-C.5 3.9-63U-0S 8.343E-OS
1036 3.665c-05 f).861C-05 4.777E-05 3.942E-05 8.365k-OS

IU9 6.05!-J5 6.03.-05 4.641:05 3.8922-OS 8.2l11h-OS

S. 34,-5 6.07-!) 4634-GS 3.8324-CS -8.1941-05

S7 158 33i9LJ5 6521:Oý)3.86411E-:05 7i.,.7.36-O

--------- 6425--03 4.52E--5h-- 0110
70 .610xt-OS- 6.40e%0 4.57E-5 3.66E01k-CS3-07. ';-05 6.1774!-05 4.37522-05 3.171k-OS 7.31kO13.11- 7807 - 3.93F-CS _ -

1341__ 7.9M6.--05 6.415:-O65 4.447-O-5 3.8741-O05 7.?06E-OS
132 7.96,:-0S 4.4461 -0 3.7242E-05 6.4361-OS
12 7.6193 -05 6.229' -I,5 .CE0 3.70E-5 7-5OS0

16463 7.617a-O05 6.122.:-'~5 4.335F-05 3.6 ti-01-s 6.6-O
143 7.o24' .- OS 6.099r-.5 4.330,-OS 3.05-O 6.849k-OS

1707 7.5610n-O05 . -IS 4.252c-05- 3.6492-0,5 7.01St-OS
124 7.63W -U5 6.O1v' .S .29.05 3 .637k-CS 4.990k-OS7.2E0

155 7.6713--05 b>.071'.-5 4.3372t-0, 3.624E-05 6.964SL-05
165 .48Z'-J5 6.013b-n2 4.322t-OS 2.713k40S 6.9431-05
166 7.463ý-05 6.0122-05-S 4.2061-CS 3.601'F-0S 6.9671;-05

17L7T.53-0 0.7 6f 4.5c07.4VO .1L0

LS DAAALT. 37 iR 56 -57
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FLIGHT NO. 8t I FILTER NO. I
BEAN TRAN~_SMIifTA I N Ta6UDW fl T U5

ALTITUDE - ,ZENITH ANGLE OF PATH OF SIGHT (DEGREES) 150.18
METERS 39 100 10-5 -20 150 180

305 .5388744- .6921407 .8313654 .8834590 .9378730 .9636456 .9684384
610 .3010449 .4927715 .7010286-.77952 - .839437-... .3241 .o9401z8
914 .1754306 .3620991 _ .6005804 .1132935 . 8377194 .9028195 .9152701

1219- .1028332 .2687224 .5170850 .6474237 .1952819 .876l245 - .8917858
1524 .0616148 .2035043 .4497449 .5859141 .7576636 .8519531 .8704388

FLIGHT NO. 83 1 FILTt•. '10. 2
B8EAM-TIANSMITTANC0 FROM Goqoio TO ALTlIU 1E

AL.TITUDE ... .. . ZP9tITH ANGLEOF P4TIT PF SIGHT 0DEGREES)- _
METERS 903 -7 100 103 170- - 50 10

305-... v5069 _ .7599491 .8712937 .911-062 .9532776 .9727524 .9763593
60 .404716t4 .5a66231 7535 .356 .911218 .4733 9451

-1.. ...26 67 .4578991 .6756737 .767167 .8717066 _9244007 . .9341877

1219 - .172754U .3a247?4 .6008494 .7105069 .8378497 .9029006 .9153413

---- 2.2 AZ90 .907243 .5i79178 .65975__ .q962665 IA8OISP9.849 7973 5

-- -- -- --- -- -L--- -- -- --- -- -- --- -- -- --- -- -- --- -- -- -- --- -- -- -- -- -- --- -- -- --- -- -- --- -- -- --- -- -- --

BEAN TRANSMITTANCE FROM GROUND TO ALTITUDE
AL.II1UJDL ............ G.E•J1E.ATLDE.. SIGLTLDF_.10HT•.LEGKELS.)--.......................

METERS 93 - 95 100 105 12C 160 180
30S ._72n9A110 _..,.96.3 9 I -. n9.-.3.- .99..643.k .9.8.. -. 9835976
610 i5377186 -.6936S18 .8322760 .9841081 .9382296 .9638572 .9686225
QAa -3@Q29520 -8~j~...1&ZL .3&49315- _..3ID8A1O _-.9A30..415IO_ ..9543809

1219- .297623? .496277,P .7035274 .7898361 .8850366 .9319186 .9407639
----. -•-.-- 4• ---I- ... •.47-ý3 ... S L-.A B ... 13980 .917-4659 .9281133

-- -------- -- --- - -- --

: BEAM-TRANSMITTANCE-FkOM GRGUND TO ALTITUOL

METERS 93 95 100 lOS 120 15f, V.o
,.9•_..+..5.. �-------.3.9. . ..928a9I7 .972727. .9841622 .9662694
S410 • -.. ;963089 .7372818 .8581515 .9024567- .9482591 .9697924 .9737659
914 -. 4-'439 - 6400011 .79931191 03j•.. j.. .951008.01 .9618504

1219 .36435•4 .5578589 - .7460674 .8215682 .9032673 .9429540 .9504C38

_t____J _.MJa T+Ti o+.3J..._EI_.•.+:s+
L..it.~aWI* Q~~atAfli- ------- 386 - 8q23062 . -.9302943 .333

~LfL 9HT _N0 88 I jITERNO. 5
-BEAN TRANSMITTANCE FROM GROUND TO ALTITUDE

ALTITUDE- ZENITH ANGLE OF PATH OF SIGHT (DE-,;REES)
- ;9teM8 - 93 95 100 105 120 IS0 OiG

-- 305 .5663051 .7128967 .8437865 _ .8 '2932 .9427159 .9665154 .97093S6
610 -.. 1330911 .5-21•0033 72"09073. .8028747 .8925695 .9364901 .9447590

-... 914 ...19683 ...382387 6...6187385 .1246310 .8464303 .9082277 .9200165
1219 .1162377 .2882340 .5356002 .6577676 .8050584 .8823267 .8972505
1524 .07. 4 03 .220603 7 .4683308 _ .6 126 - .7683943 .8588988 .8765811

6161



FLIGHT NO* eS I FILIFR fiC. I
PATH RA!;IANCF FI~iN GROUNI)0 Tfl ALTITUDEWATTS/STFR.SQ.N4 MICRO M.1

ALT!Ftt VINITH AWI,.~ OF PATH OF 51I3HT (OEGftEES)
'AhT R- 1"5 12) ISO) IS0

,0,~ 1.4.311--06 9o4170'-O7 4.930E-07 3.e09E-07, Ia38O-07 ;0771e-oe 4.4786-O8
*il0 ?. 19a-,l 06 1.5708~-06 a.i33F-"7 5.90OS-07 2.6OSE-07 1. 103E-10 8.5S7?-Oo
014 2.co4lr-Oi 2.14,.,-"6 1.268t:-06 a.655E-07 3*920E-07 1.6801!0? 1.3081-07

.2 1~ .~9l- .333L-06 1.463L-06 1.024E-06 4.777E-O7 i*08TE07 1.633F-07
1~'.-.4 'P.697r-04b 2.327f-flb I.5i72!t-06 1.128E-06 b.434IE-01 2o4l3E-07 1.697E-07

FLIZHT A0. 981 1 FIltu-A NO* 2
PATH e'A#lA'iCF. F'.OP 1,900W) TO ALTlTUOE(WATTS/STER.SO.N MICRO At!

ALTI 1UJ.F LCNITH ANtiLk OF PATH OF SIGHT 0.GO"EESi,
,4 PS1 j100 105 120 50160

,,5 1.66AE-'6 1.OuV-0a 5.474C-0? 3.tSWZ-0l.- 1.5W6-07- 6..261E-06 .4M751-O4
~.O A7~f-~ 1.3s76,-06 . Volý-L6 6.748Ai-07 2.959F-01 1*217L-0? 'OoM3E-06

'ls 2.Ir-~ .5:71.-Ooc 1.453L~-06 9,9~7 4*,aP55.07 -1*021F-O7t I84ti-07
12114 J.752'-06~ 2.L73I-06 1.734r-16 1.193E-06 5*459E-O7 2*307F-O7 l.Th3F-O7
I , 4 3.03-J .171--06 1.914E-06 A)-~&*27Q. 2.0860-07 2O*06E-07

ruI.,H Qo. 36 1 FUL-i* '.'. -3
OATH rA:)1AiN't- 1itiUU ;ROU.*,fl tfO ALTITUDE(WATTS/STE(I.W.P, MICRO Me)

ALT:1IU*E 1,NltlH AmGL* OF PATH ()F SIGHT tuP.G:EESl
T;'1S1ý120 1u130

.,(is 1.664c-Oo I.',368r-06 i.199F-,37 3.326i07 1.393L:.07 50S54E-04 4.222L-Ob
.)10 2.'s64L-I)th L.048ik-06 '1.7,41:-07 64d16e-o7 2.6?4IE-OT I.ot)911-0 8.132F-Ol
v14 3.d?,tf--94 2.595,'-V.o 1.4 )2r0u6 9.236E-07 30~41E07 1.5$79Ej-07 1.?O1l 07

I '24 4.696EiCý 3. ý5 .O'IOE-uh 1*354E-6 54958r07 Z*419CE07 1ivAEO?

FL!,tHl ;ýO. d. I FILI. 40. 4
P~tS 4AalIANC(. hAJII ilIU4i T,. ALTITU t-'WATTS/STEi1*.S;.k NECRO M.)

ALTIIWil tNIrH AN-LL fIF PATH OF SIGHNT EI~
JL T,) KJCIn' 14) 120 ISO INDl

FL1 4417 NO. FA I FIL1t" %D. 5
O'ATHC iA,.ANCE FROJM ,itlU40 TO ALTITUDEIWATTS/STVI.SQ.1F MICRO .

ALT I rU'IE /.LNITH A~4tILE OF PATH OFP SIGHT WEG~REESI
Nbl OU 105 12) 1511 1, IY'

4 05 1, 4971--r,6 1.733it-07 a.026E-O7 3.5S9E-10? 19412E-07i 6.0384--OR 4.722:-OR0
t010 2.5651-,,6 1.78,iE-0a6 9.833Z 37 6*522E-01 -2.8921:-07 1.242E-07 9i.696E-08

9i .3i0i ?*?74E:-O6 -1*33SE-06 9.073E-07 4.130E0?O 19802E-07 1.4il4o?-
1719 i.2724,-10 1.600F-06 10615E-06 1.121E-06 5.22SC-0? 2.30SE-07 1.SIOil-0?

1524 3.?57'-00 KiwwT-Uao t.789ti-0,6 1.27CE-06 6.06?E-0? 2*.1l8-O7 2.139E-07

ik



-I

FLIGHT NO. 8 I FILrER No. ------ ---------. ..........
DIRECTIONAL PATH REFLECTANCE FROM GROUN TO ALTITUDE

ALTITJOE Zr3NITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 100 105 120 150 10!O

305 9.183E-01 4.7051-01 2.051 -' 01 _1.256E-01 5.089E-.02 .2.0"71e-02 1.599F-02
61C 2.5260 00 1.102: 00 4.358E-01 2.590E-01 1.019E-01 4.097E-02 3.155E-0O
4 14 . 1,6jj..•.00.. 2.O4E OQ. .7, QL_ l_ A,__• 4i.L.. JA6IOO.E_- _ 6 .- O 4.9.43E-02

1219 9.547E 00 2.964E 00 9.783E-01 5.514E-01 2.078E-01 8.239E-02 6.333E-02
1524 Iw13.J_91- __3*955E.O. - 40jQO 666-O f9795kn-O_ 7,j5396E-02

_ FLIGHT '10. C& I FILTER NO, 2
-IR-CTIONAL PAfO REFLEC1ANCE FROM GROUNO TO ALTITUDE

ALTIUU .E IFIdrH ANGLE UF P.ATH OF SIGHT (DEGREES)
METERS 93 05 100 10' 120 150 o0o

. .305 ... 74 --O I 979L-01 1.780-01 1.102E-01 4.537E-02 _ 1.824E-02 1.379E-02
olO 1.918E 00 9.0OL--01 3.779E-01 2.288E-01 9.200E-02 3.639E-02 2.741E-02

9J. 37890.. 092E-C 3611 1 1..f=-01 -. LZ-_2 4.198.-02
1219 6.154t 00 2.246C 00 8.179E-01 4.756E-01 1.946E-01 7.241E-02 5.457?-02

-1574 9,A 1-3..... 9-0- . .941r0f O .o0oE 00 5. _-_0 E-_01 02,EO2A!-_L 8a19k-45QZ.. 6,PO)E-02

o - -----•--.--... ..8.LIEF--- --• ..

DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE
A.L.TIW'6---------------- - .L------ FPATH_0F -- ------- ---- ---MET["•,S 93 95 t00 105 120 150 O180

&10 1.088E 00 5#504F-01 2.393E-01 1.461E-01 5.826E-02 2.266E-02 1.716E-02
_ _._• __.•_7 .... -O&E0 .5• 2.256E-01 a 4•0 .0E0 .. ..- 0

1219 3.0721- 00 1*299E 00 5.131E-01 3.038E-01 biT7ER-01 4.487E-02 3#382E-02
_-15-- -2-4 __-__---0-5E.- ------- -------- 3..--------_ .....Y3.. E.Q....Q60E-02

0|9ICTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

METFR.S 93 95 0oo 105- 120 .SO 180
3'05

8610

FLI(GHT 11U. t88 1 VI'LTFRNO. 5
f)IRCCTIONAL PATH REFLECTA,,CR I-RON GROUND TO ALTITUDE--

-ALTITUDE Zt;NITH ANGLL- OF PATH OF SIGHT (DEGREES)
M~ t .R .. .. - 9• --- ---- .. . . . ftos .. . . . -- -----. .. ---- . .. .. . 0o

3 05 -1.159E-01 3.694E-01 1.612E-01 9.877E-02 4.050E-02 1&689E-02 1.315E-02
64 -&t0 ;.'.ngi-e -00 9,28CE-01 3,6ZSE-O1 2.19TE-01 8.761CE-02 "3.6 J-61-0 2.T7SE-02

___9-0 ýýZZ4.0• O t 1, -0(1. - .• ti--6-E- 01 3_,386E-P! Ih*320E-01- 5*IA4ýk-02 A,_46E-A2
--- :1219 7.62E-0 0 k.,439L. 0) 8.153E-01 4.610E-01 1.756E-01 7.073E-02 9.496E-02

152• .... 1_,.2_8_-01 ... ,4EO_ I._EO0 512 -01 2;!S-I RSb-02 658-0?

152A lj~ .430 00 502 2.35 4.556t 6.5918F



FLIGHT 88 11

Starlight before moonrise with scattered clouds. The location for this flight was a valley about 40 km
east of Rayong. The terrain was relatively flat, cultivated (but not with rice paddies), and interspersed
with small tree-covered knolls. In addition to the scattered clouds at 600 m, there was an overcast, 140 km
to the south and thunderstorms were seen in the northwest direction. Data-taking started at 2242 local
time and ended at 2332.

6.61



F .I IHT Nil. 88 11 FILTI-F Nu(. I
I rPA1I1Al:F(WAlT'i/S).M,1ICRf) P.)

ALI f T1101k IMUI.'% lie'- SCALAR SMA.AR St AL Ar qCALAR
(mE:Tv.s) w0-U-I Alf WNtL IJ%. A LRE no DOWNWL-LLINC. IIPWFLLTNG TCTAL ALH no

779 Ii1.3atl.Eo 4.46.st7-07 .113 1.6"'JOE.5 5.78'5F8f6 2.2!3E"C5 .345

1.18Al 'I -3l -1.(. 1 1 11 4r-ol, * jc03 1.sr'/F- 1) 1.043F-05 2.9C08-I15 .'561
1707 N 1.Ilu-i--t' 1j.3 I i.3 - 1. o.5bhF-06 7.041F.As .4/6

r_ tp.*4T pNI.ti.8 I r It TFlk iU.

Al TtTtIDI* puih'.- .1p. SflLAR SCAI AR SrALAF SCALAR
(I tTF18S) WI-LI [,-I WFI L I It, At PLV-0 ItJWkVJ1:LL1N.~ UPWOLLING TCTAL ALHEZno

780 ',n.o5A-t, IL ItiQiL- .1 .' *91tl- 5 9.431F-06 2.87BE-A'5 .487
11172 n.Yhw 4.3Iir-.', I*s1, 3 1.?48P. '5 1.!)3'5FP5 S.ME3E.8 .878
1 017 v 1o0051- -l(-# 4et- q, p??Q 1.97/e- '5 1.233F-nl' .3.21OF-rr) .624
170A ,.Ujot-ol ~ l~T .245 1.6AdE- 5 9.768-(16 2.6e 8-P5 .582

rIuHT Nii.FAR TI FILTLP '"U.

Al T I Vlint POilN- lip- SCALAR SCAI.Ah SC ALOA SCALAR~
ciMTiy~s) WELLITur W; I 1 4 A P1 RI) rOWNi4:LLiNl, IJPWFLLIN%. TCTAL ALUE~n

774 1. 4 hik-bl. 3.ooill-.Ji .2o.- 3.1136- '5 2.i'50r-os 5.2f3E-n5 o.686
1.871 1,474t.01. 4.351r-/v. .299i 3.042E- '5 oo,21OF.T5 !)dSl1F-rIE .?77
1,AA$ 1.62'I-ul' 4,o00L-0t .24A 4.61/9- 5 ;?.645F-45 7.2!2F-tii .574
17oh 1.6761:-0'i p.Al--' .4 2.912F- S5 1.935F-15 4,8478.T'S ,664

r. I o ill. tA I I ,I(T ý R 0U
Ili 14A I IA'IfF IW A I V:/ SJ. M. ItI CRr1 P..

AL rI iT1101,~ li, lip'- SCALAR SCALA-7. SC AL AF qCALAR
(I 4keFQS) I I-I II Nr. WEI L 1 46 A FtILfO UOWNWt:LI.;N3UiPWELLING TCTAL ALHEDU

11171
IIAA

rI liet l.. I r II. TER *io.

A. I Ii toP III- ~ lit'. SCALAR~ S(CALA'. SC AL AP "CALAR

l'.* Is I.J Illi ItI Ni. wrI I it., AL RI .111 IflWNLi:L 1 1,1 IlPWEi.LING TrTAL AL HP10
11, I-' ,tA/ '. *AA 2.711r-- 5 1.089F-1)5 3.375E-115 .476

1 10 1.17.IP-t' 4,,,'i .174 2.4 P' q- 5 1.125F-05 S.3.0-fr s468

I 1' Ali .4 It -l .1183 .37a - '5 1.1263F-115 .S.51Iff-1155 .474
I 1h IAI 1 I I )i. it, it- 14A 2i~ .245-:t-'5 1.06OF-fl'5 3.3r5F-P5 .47?

I- 1~ 4',M Cl i%'<Gi1O IlfM

It -. I I -P

I% I I AO, 4 4.4431 6.00634
'I.. I "*.iJI .. I I,.-) '2.3S'?t7 3.4 2 4r,7

II. i i. 41S, ..14?n* -536297

10 11,# j.l11 . tsinol' .15783

.(II O0A448 ,11661% .11631



0 ATI- 1019e.8 tL1IAHT 4vi. 80 li GROUND LEVEL ALTITUIJE ( M,)m 44 Lu

ALTITUDEL TOTAL SCATTEPIKG COE-rFlIFkNT (PE- Mh.TER)(ME TERS) ýILIEH 1I I2 3 4 50 8.547;--ub 6.790F-05 !b.SD4E-ul! 4,110F-05 9.W1E-Q!
30 8.,9-5 6.776-L.05 5.287F-U! 4,097F-05 9.flSPE-O!
Al 8.4'ioc-05 6.7153F-o05 5.269F-01 4,o1z5flb 90f4S5.flq

022 8...s4;Au5 6.708F-05' 503.1-us 4.C56F-n!' 115S;E.00

lit3 R.H-1s-05 6.664F-onb to.199F-usi 4.(,'Fn'~ Cr~'

244 tp~-i .619t-o5' 5.1ASF.ui 4.002F-oS A.JslcE-011!
?74 6 .597F-o0" 5.14RE-Li! 4.96t9F05 A.FoIjE.0'

St) b.;'JQr-u!' 6.550E-05 5.113P.U; 3,V62F-n!' A.7S;E.O'!
.ih6 8.;12~.LJ5 6.532F-0S !'.096F-Uj; 3.949F-fli A.795?F-oq

306 8,2t'r,,J5 6.451F-05 5'.079F.0;! .S.893E-S A.372E-05

A1(7 7.6A~ .488F-P! 54.62F.oi 3.'4.9F-oS A.1`92E-0%640) H.Ws9I b.339E-F _0 5.046ý.Uq 4. v32p-otp PAll9aE-Os671 6.04's-lis 6.4A5F-05 !4.G29Fu1 J.897F-n'i R.46!e.0
5111 A.Et4u p.g-! 4.573Eu 6.424F-0 )01p'_l .. 48F-lA F'.foFFE.
5492 7,Fsr-.5 6'.24np-C5 4.95F1-qli 3.m35F-A,. 0.~57;E-0

41 .eCU 6. 3F7E-05 4
.476E-Uj 6. i4rW-n 05 A55F0

RFlo 7.f1Pr-u'i 6.360E-05' 4.98AF-us! 3.445F-05! P.~S2Ee-Ol

6403 7.9h1?--' 6.33YE-05 4
.946F.Ul 3.8,12P-ni A.7brE-o1

6071 7. 047t- ti!' b.7'16E-O! 4 .1'Y2qUj 3I.bA2F-nb 8.~46ED0
7%e 7,. 6t --.!) 6.664E-n!' 4.yi0E-,ui! d. eso7F- o! A. 48'EPoj

7A29 ?.Fh..:-u~s S~. ?55F-05 4.f573E-u; 3. 'i2F-*n! H.8E3

7391 7.AJr~5--, b.?4~F-n!' 4,926P-0; d!?-r~ '~E0
13727 G fi-s b.402k-1Gb 4.438F-Uo 3. "8For-At 1`041E-0ý
ki4is 7.oto 6.147F-05 *1.436E-Ui J.154r-ntp P.;ScE-04!

*R 7 .r0lt - )9 '. 2Eoss -! 4398AF-u; 3.47,F-n!) 8.ifE-0

9154 7. 7$1ý-u'.s !.,470F-ct 413.R8F..u 's.4131r--nb 8,.;SE-

1641. s,~~~ ~. A A,,F . A 4.3015F.-Ul .5. In6F-lo F.178IF-
167N (7.03r-.5 .660917..O 4.;0.bSN -u~ 3qr59-nb 7.F1~--0'5
jIn3 7.r)23-,', 1.5564t-r,!) S.o568..ug 3.618J --! f.75E-oý

107 . 4( A--.l '. ml7E-nb 4.18E-ot 3.5.J70-nt ,7ý.l
W) 731L-S 1.9,.0 415PE-Vi 3,3432F-n0' 7.544EE-o

j78 .p4th-.j!' .50gk4-c!' -i.805-U5 S.332SF-05 7.384E-0!

Fi 25T 7ATA3AL . 5 :161-0 4.23i 23-~o.6 27I(-o
AT IAT.. AL.Wi~-7l 7.73C5 4.l);0 .s:595 7.S

13117.(1 :-4) 2.586-!) .952 -Usi 3.5 1F-Iy 6-E63



VF.HiiT Ni. 8h1, 1 F Ii.TEP NC.

LAM I RAf~bOi IT AN' k- 1<0 Rf) NON TO ALT; TurF
At TI T1 ft I 1 41 1 1 ANJ LE Or PATHi Or SIG. T ~G~S

"4nNI 'Is "5 . inn Ins) 12 P10 IS0
4 (.. .r1biplQ, ./4"ý?M; ,Aet,216O *9635/449 .4%O04f *47C847111 .9147030

ji *..s7t~O'flb *6',Vq334 *748t)6i4 P3'2.0407 Y 041 010 *)42'4588 .9508444

9jA /?l~~ 4'86 618 ~ *49991-1j *n0it9 ()1 6i2li .92 2 44 0

12ly 1 A*,.dI 7 .3,s7940S .5/14431 h6869A4.Q ,A74 9 ,M9'8 Af ~ *9t74uflI

15,24 .0'9? AMh .~t0S 5047564 *.12s1064 ./P~ti447 *n71 8955 .aRAO-,67

F- jaR? No. bE I I I ITiTR Vr. 2
,1-M IRAt bJi1 TI ANI:- -P0l C .4lOti) TO' ALT! TUCr

AL1 T'T1, - Zr NI i fii ANI f. OF PATI1 nF bI H; 'T IEGRF-ESI
ilý TINS 4.3 US ino 11' 12f Ito 10T

Ap. C .7 5, .2C ./1497C .A t,9,16 39 Q~242797 ,y60n6r4 .9j7d7424 p 9/95/?867
ujt *4 1, a14t 4 .e12 A 84 *79YAe1388P A lb5Oinl ."?2;4F4 ,54'7e21 *q0tflI7Qo

"1.q 1 .3 1~04 1%7 7014ý .7116123 19979145 ,n48iStA8%7 193-05b4 *426.3;4

IP1' .
7
11r/61 3 .4141407 .642455A ?'4315n7 oil ig);9 ()1Sif,35 .9A

0 
41,

3

1 ~~.153C e.Q3 S3418(,72 *5h134453 h69n
6 3 2 4 .62914C2 k89 5948 .91i16'ý12

ru H T mio. RA II FIt TIPR NC . 3
'F-AN IRni.$llj TI ANJfL - O4 CRTIU'JJ TO ALT mTUCF

AL 'ý T'tz1N TO. A14C F QVF PATti Or b!IG-T tnblRFFS)
97 s5 100 I~ n5ien 150

P. /'.'u .i 3229t .9124901j y9416 .6864979 .0)818n64 ~4'4.Z,1*.
.1,*44-, 1 "1 t.4A4 itt .351i?5 48661571 y~3y?55 .4O45742 ~9h1240 1

"" .()t/ .i42AOJ *7ta4795) A'38 /77c) *Y1301if3 .9018142 .991,5168
f'i'1 s314_ed(e 1,94fl7, 71410132 ~/9A3R96 .elR9QB% .93'9P35 .941539A2

4,$ ?" .4fiki4 .44t.3371, ft,7t.7156 5 */621;251 *'.8 F .92;0;247 .9 3 P Ia

r...IHT N-'f). 81 n I I 1LTER NC. 4
I-'.M IPAf-5I, TI A'Ii:t . I401 (*ROJN TOJ ALTI TUCE

AL T? Zi Nlilf As~ti OF' pAth OF SIG07 (OLtG~RkS)
13 Q5 10 nR 1C 15 5A

* tct.3 .ih1l 9
3
15002p .4515074 .9075(.574 .9858727 *'461,/1 J7

I1' .623 9T 1 17 P0 51 .869/135 .i) 0 5 065 7f 4278 *j7Z3984 176 *T) 16
-1j4 .'948963 nn 3Q07Y .8136559 14/07881 41'IIPG81!8 *qS4941 .t454

11i' .394f,17d .,'4426o5 .763')691 .*',344641 ,1 61fl7S 0 9 4 )35 34 1.4247t)

I1j24 si:I34jp I 1r.597t .71763410 h8005819 ,.,Qj014q 2 .93t6900 9

ruIWIT NiO. 8A I I F IUFFR NC. 5

'LAM IkAtlifSIiITiAVI L RP0 1 ( ?n0N) TO ALfl rUt?
ALir;I TH~r Z1 tlvii1 AN( Lr OF PATH1 or SIG"-T (nILGRFkR)

m~fI's IiS 935 100 intS 127 Ito
Sifs .5401,621 .19Ob .9544132 *'199"596 yv4oF4&5 q96ig75 U'J9A

Ah 35ru8 '9A7,,c . 7,533k 1s96 *. 1 1 2 5r.33  ,00812Z2 93S849M . 't.6

12Th .i1I26511 .aý 792ji& 5I.?TA,6cjA .6724932 .*nj4 1 5F0 *AVO1842 %4 .85

i%"4 .II92.41iS ..N'Q9930 .4ci8)5 13 .618423n 1/797610 .1662115 4r11r. 7
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r- I -1T No. 8a 11 F ILTFR NC. 1
A IH k~A 0 1 AllE FROM :3RouNt TO A _T ITIODF(WAtIT'%/STFf. So. 4 "I IO P'.

A(.T I VIPr) ZFNIVN ANCLE OF PAT11 OF b1IGT CflEGRFES)
PIFTi-RS 93 95 loc 105 12n Ito 180

.30:0 7."11r-ni 4.bI3E.n7 2.4551.-07 1.586E-07 6,972E-rS 3.19AE-08 2,577E-0l8
AI' i 1.?-O4F-06 A.2ýqF-0? 4.50RF-07 2.978E-07 1.4S38F-07 6.19

4
F-08 S.ooff-n8B

914 1.472r-05 1.rAiCE-06 6.,14E-07 4.191f~-07 l,'925E-r7 8.99SE-CF1 7.290E-08
i1:1 1.6'14F-0 I.-249E-nt 7.566F.07 ').206F-07 2.44iF-f7 1.152E-07 9.341E-013

1 -~ 1.hb6F -06 3i.#iF-ae 9.317L-fl7 6.4971:-07 3.082F-C7 1.44ýE-07 1.172E-07

f -I jmT rI), SA' Ii I fILTER NC. 2
ýATH HA,)JANj.ý FR')l jritINt TO A_.1T~jJF(WAIT_/STFW.SOI.M tF'J P. *

AL I IT4)r-ZFNI1H ANCLI` OF PATH4 OF b610"? (oEGRE6S)
t4F-TFfrS 93 95 100 1115 12n Ito 180

ic A F~3)1 r -r. i5~1E.0) 2.6.SOF-n7 -.698t--117 7.43!)F-rB 3..s11e-08 2.628E-nd
eq I.,72r-rh Y.146F.E.7 4.89AF07 ¾-07 07 ,434F-t7 hW4r-0oA 5.1191.--0

I-" .(941-no I b0 i5Efit A1.0~01-07 .1101--07 2.357r-r7 1.29CE-07 I .. v1--nI

rJýIHT NO. 88 1I 1 FILTER st .

t H A ) 1 0.F FRO(M 1001141 TOl A _T I TIDF(WA 7T.,/STFR. Sn. M P I PC- p'.

At T ZI-')I tII ANLF OF PATH or SIG 1' (fL-rGRFES)
,T, 93 95 100 1lit 120 to1)

3tU' 1.~,-FN )1.?'14E-07 4.o9CL-07 '.60PE-07 I.0AF'2.r7 4.42CE-08 3,4?1F-flA
#'I 2.26,1bf-Cb 1.4ni7E-Of 7.706F-07 -.97?L-07 2.05QF.07 R.61EF-fi) 6.6711F-118
Q1 . ?.?h;f--0b ?-Qu4E-oe 1.077E-06 l.14016-07 3.900$F-r7 1.24!F-07 9.67/F-nO

j,.IV s.-i.5r-o0. ,.4?A~F.oe 1.346F-06 -.905h--07 3.d64F-r7 1.62CF.-07 1.263k-fl7
11;>4 4.371r -no ?.YN4EF-of 1.6/0F-06 1.1156-06 4.o5,79-r p.DSCE-07 i.5AoE-n7

F;_T 'l1. 8R I i FILTER NC. 4
., 1lt tt~vArJ,;.. I ~i ?.)MF'Outt 1TJ 4_TITOI)F(WA7T-,STEN.SO).M F'!I.RO P1.)

ALT' TI'It: V I'41 A1 NCLF OF PAT14 OF b1G-T (rO6GHF6:S)
o;ý.Ti ý', Q5 In0 105 128t It0 180

1- 1 ,$T No). F18 I I IILTFR NC. 5
'ýA IF HAUA,I t;l FROM .;ROPIfit TO) ATITi)F(JsAIT.,pSTEPM,SO.M P'lAO p.,)

At ~T I , 1, ZF-NITt ANCLI- Of PAT') OF b I G T ( ZIFrRE6S)
I- S 931 95 10) 1 n!) 120 1~oI0

10 n~ I 22eF-nfo /.63iAE-17 4.055E-07 '.628117fl I.1A6SF-C7 zi.17e-08 4.123E-aa
I .. :1 .3:F -06 1 ..4.'F-otE 7.415V -07 ',.91RE-07 2.e34F-r7 1. W0F-n7 8.ru'AE-ndj
"?' b. -ni 1. I,,Er 1.021F-06 c,. 031t:-07 30215r-f7 1.45EF-07 1 .1t.6F-flI

2 ."Dil tor'-3 r * 14')flF-fl ~.11?L-06 4, .!j4F-(`7 P2.31E-07 1. ?9f-0?
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F.'. 1uHN lm. 8A iI T !TLFR Nc. I
v INFGT I OvA , P NHt--i F t'AVLL r. 40M (,RnwU;0 T ALT ITUTIP

AL I ITIODI Z-Nlf,l ANCLE OF PATH Or bIG-T (IDEGRFES)
mFES 93 "5 100 105 12n 1ý0 180

30-. 4.631r-fl1 2.43CE-01 1.0/OF-flu *E0 P./61-.r2 1.3-? 9.947I-PS~
6lt) (jI 6irCl 5O H.7F -0 2.2AIF-fll I .$61F-01 5.569'..r2 2.47Cr-0? 1.9F1ý-rt?

12l -~.1 76fr od q.G~--I 4.91NOV-fl 1  .351E*01 1.115F-ci 4.n4'F-n? 3.87PEL-0?
1524 7.6/4r flu oflO 6.944i-01 '.'5~0fa.0 1.47CF-ri 6.725F-0? 4.964F-n?~

r lii.H 111 RA I I FITER Ný 2
*Jl'(EtA i~flAI DbIH lit - LCTANirL V41 AO ROUNU T ,ALT ITUDE

ALT IT IPl ZJNIT~t ANCLF OF PATH Or bIG 'T CnEGFF-0
i-FTENS 9,; Y5 100 105, 120 Ito14

91 1.1,21r no f,91.iF-qI 3.00-01-O 1"588E-01  7.01`16F.e2 3.304F-02 7.601?--12
121 9 3f.124j no 1.?069 v0 4.5-M-01oI ,b71r6-oI l1.14F-01 4.r,8tF-O2 3.5sa0ý-~?
11,24 4ol'5 flu j.te5F 00 5.924F-0l1 .4-32F-01 1.365E-ri 5.71CF-O2 4.4r,'F-l;

F.. 1-.HT 14-1. OR I I F LiTFR Nc. 3
llNFtCJ li~tjl -~.T-4lt -~ L ECTA '4CL F Oh (,ItOU'iLt T A~LT I TUIIL

AL r TOCL ZI-NI 714 ANtCI. OF PATI Or bIG 'T (NPGRI-hSI
M9TqS '3 95 Ion l.0~, 12n 150 lAO

.107 3.tt27T-Pil ?.t9V$E-ft 9.54flF.. 2  '.M484-O? 2.374F-(2 Q.571E-03 1.384E-n"Al" 8.y40;-Plt 4.5-'7E-ol I.9t2F-flt 1.193*-ot 4,743F.02 t.-OCE-O? I 49Fp'JjI. I .!40jF no ~ IFO ?.9l6;--Ol 1 */04f1-fl 7. kfl5r-o2 2).792E-02 I. ;;; t-.12
1;,) 2..15oV flj lipo E onf 4.0op~E-01 ,. 171t--n 9. e3o -r; 3.61$'FOP /84 7F,- n

is 3. DitiF oit 1.4t2'E 00 5 .33(1-0 1 '.110r-Ol 4.j9-r 4. 68:E-0P n~r;E 0

F..ItiT 010. SA 1 II ILTFR NC. 4

J AL T TIl't'- Z~ i NIT ANrLF OF PATH OF S IG, T ([*GRFýS)
1JT~S 9. 95 Ion Ott 120 It c Ido

FiLI.SHT NJU. 88 1 1 tILTFR N.5
)IISCTIONAL l-.T-4 qN LFCTi.NCL Viol (,;?t)UI'U T ALTITUOF

ALT I 11V ZfjI(H ANCLF OF PATH OF SiG"tT ()FGH~eS)
tltTI-S 93 195 lfl 120 Ito

300ý 5.ttir-Al J.0ý7E-rj1 1.33i1E-01 '.t9nt-o? 3.453F-,'2 1.49Eg-62 :.uptah-n?"Oil.. 1.544F flu / .1,1 E-01 2.004-nl 1.flqR(-0i 6.977rf-C2 ')).~0 -. sf'- - I?
01' 3.144r flu 1.2e3Ei on 4.53.OP-01 .Ni4li -01 1 . N7F -r I 4.448F-O?ý -1 $-1
12. 5.94 fU I.,d?7F ton 6.3bnli-:O1 '. 623ut-0j 1.402:r1r 5.40FI-G?
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FLIGHT 89

Starlight before moonrise with thick overcast at 1500 m. The flight pattern was from Lop Buri to ap-

proximately 40 km west of Sing Buri. The terrain was flat (river delta country) and cultivated with rice

paddies and other crops; there were also small scattered settlements. The illumination from ground lights

on the surface of the overcast was readily discernible. Data-taking started at 2020 local time and ended
at 2110.
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FLIGHT NO.09 FILTER NO. 1
IRRAOIANCEIWATT$/SQN.MICR0 M.)

ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
INETERSI WELLING WELLING ALBEDO DOWNWELLING UPWELLING TOTAL ALSEDO

362 6.204E-Ob q.175E-07 .148 1.280E-05 4.9794-06 1.778E-05 1389
642 4.784E-06 1.661E-06 .347 9.464E-06 7.604E-06 1.707E-05 .804
94, 6*569E-06 1.595F-06 .243 k.175E-05 7.354E-06 1,912E-05 .625

1236 5.5432-06 1.484L-06 .268 1.027E-05 6.329E-06 1.660E-05 .616

FLIGHT NO.89 FILTER NO. 2
IRRAOIANCEIWATIS/SQN,MICRO P4.)

ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
(METERS) WELLING WELLING ALSEDO DOWNWELLING UPWELLING TOTAL .oAjL__EDQ

363 5.577E-O 2.658N-06 .477 1.175E-05 1.024E-05 2.199E-05 .871
642 5.117E-06 ?.923L-0, .571 1.011E-05 1.210E-05 2.220E-05 1.197
943 6.537E-06 5.476E-06 .838 1.251E-05 1.670E-05 2.922E-05 1.335

1235 4.821E-06 ?.429E-36 .504 9.707E-06 1.016E-05 1.987E-05 1.Q047

FLIGHT NO.89 FILTER NO. 3
IRRADIANCE(WATTS/SI.N.PMICRO M4.1

ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
(METERS) NELLING WELLING ALBEOO DOWNWELLING UPWELLING TOTAL ALSEO0

361 9.706E-06 3.367E-06 .347 1.987[-05 1.687E-05 3.674E-05 .849
642 1.024E-05 4.964E-06 .485 1.986E-05 2.381E-05 4.367E-05 1.199

-3•..g L 3-flOF-5 6.713E-06 .609 2.135E-05 2.324E-05 4.459E-05 1.089
1237 1.065E-05 4.189E-06 .393 1.990E-05 1.958E-05 3.948E-05 .904

-.----- - -------------------- --- - ----------

FLIGHT NO.g9 FILTER NO. 4
---------------------------------- ---------I AiCEL.•SSQ.M•J• s 1-.)
ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
IiETE.S' -. WE.NLLIJIG . hLLIliG ALEDO0 DOMWMELLING UPMELLING TOTAL ALREDO

360
641
941

1236

-FLIGHT NO.89 FILTER NO. 5
IRRACIANCE(WATTS/SQ.M.NICRO M.1

ALTITUDE OcWN- UP- SCALAK SCALAR SCALAR SCALAR
(METERS) WFLLING WELLING ALBEDO OOWNWELLING UPWFLLING TOTAL ALSEDO

360 6.190k-06 4.105C-06 .663 1.222E-05 1.461E-05 2.683E-05 1.195
641 9.214F-06 2.97G-06 .317 1.77hE-OS 1.382E-05 3.156E-03 o779
942 5.114E-06 1.98a4-06 .388 1o003E-05 7.609E-06 1.764E-05 .759

1236 8.397F-06 3.500E-06 .417 1.617E-05 1.272E-05 2.889E-05 .787

FLIGHT 40. 89
DIRECTIONAL REFLECTANCE CF BACKGROUNO

ZENITH FILT'RS
ANGLE 1 ? 5 3 4

93 2.92435 4.05109 3.61836 5.80155
95 1.75028 2.30967 3.69624 2.43506

100 .46289 2.54312 2.39443 .94012
10 .24575 1.60970 1.25284 .47145
120 .10396 .44427 .32637 .31129
150 .08483 .23793 ,21612 922992
180 .08101 .17074 .19414 *21369
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DATE 102168 FLIGHT NO. 89 GROUND LEVEL ALTITUDE ( P.)= 44 IUPBl

ALTITUDE TCTAL SCATTERING COEFFICIENT (PER METER)
(METERS) FILTERS 1 2 3 4 5

0 1.961E-04 1.403E-04 8.712E-05 6.569E-05 16721E-04
30 1.9546-04 1.398E-04 8.683E-05 6.547E-05 l10ISE-04
61 1.94SE-04 1.393E-04 8.654E-05 6.525E-05 1.710E-04
91 1.941E-04 1.389E-04 8.625i-05 6.504E-05 10704E-04

122 1.935E-04 1.384E-04 8.597E-05 6.482E-05 1.69E-04
15z 1.9281-04 1.380E-04 8.568E-05 6.460E-05 1.693E-04
183 1.922h-04 1.375E-04 8.540F-05 6.439E-05 1.687E-04
213 1.916t-04 1.370F-04 8.511E-CS 6.417E-05 1.662E-04
244 1.909E-04 1.36bi-04 8.4a3E-05 6396E-C5 1.676E-04
274 1.903:-04 1.3

6
1[-04 d.45,5-05 6.375E-0 - 6706-0.4-

305 1.897F-04 1.357F-04 8.426E-05 6.354E-05 1.665E-04
335 I.t9f0-04 1.352F-04 8.3980-05 6.333E-05 1.659E-04
366 1.884*-C4 1.340F-04 3.370S-05 6.246E-05 1.654--04
396 h.,78E-04 1.325f--04 8.389E-05 6.291E-05 1.64hE-04
427 1.8591:-04 1.303E-04 8.349E-05 6.123E-CS 1.636E-04
057 -1. 35-04 1,300E-04 8.324F-.... 03- .131E-05 1,616.6-04
488 1.631E-04 1.297F-04 8.291E-05 6.044E-05 1.613E-04

- 518 1*813E-04 1.293E-04 8*.Z16.6n-.-... OAQ76-Q5 1-597*-04
549 1.1OF-04 1.296E-04 8.226E-05 5.97T=-CS 1.592E-04
579 1.791ý-04 1.297E-04 8,2104ý-05 - 5*947E-Q5 1T574E-04
610 1.79dE-04 1.288E-04 8.181F-0s 5.927E-OS 1.567E-04
640 1.T79r-04 1.271E-04 8.156E-0S 5.907e-05 1.573E-04
671 1.763E-04 1.2711-04 8.121E-05 5.867E-05 1.564E-04
701 1.759-04 1.260E-04 8.080E-05 5.806E-05 I.SS7E-04
732 1.723E-04 1.243k-04 8.C46E-05 5.788E-05 1.546E-04
762 1.7006-04 1.236F-04 89002L-05 5.766E-05 1.510E-04
792 1.675L-04 1.233E-04 8.006E-05 5.741E-05 1.471E-04
823 1.652E-04 1.230E-04 8.011F-05 5.7391E-S 19440E-04
853 1.63

4
L-

3
4 1.229E-04 1.950E-05 5S599E-05 1.416E-04

884 1.6401-04 1.209L-04 7.976E-05 5.5596-05 1.4Z0E2-04
914 1.630L-04 1.11E-04 7.891E-05 5.559E-05 1.393E-04
945 1.603E-04 1.189E-04 7.839E-05 5507E-OS 1.386E-04
975 1.57TL-04 1.162Z-04 7.714E-05 5#417E-05 1.3681-04

1006 1.560:-04 1.1446-04 7.595,E-05 5.417E-05 13636E-04
1036 1.5576-04 1.134E-04 7.4956-0S 5.3546E-05 1336E-04
1067 1.564E-04 1.123E-04 7.354E-05 5.213E-05 1.330E-04
1097 1.5595-04 1.116F-04 7.149W-05 5.16SE-05 1.318E-04
1128 1.5746-04 1.099E-04 7.203t-05 5.169E-05 1.299E-04
1158 1.595F-04 t.081E-04 7.052h-05 5.137E-05 1.274E-04

-.1189 1.073E-04 19063E-04 6.975L-05 5.099E-05 1.256E-04
1219 1.641L-04 1.040E-04 6.854F-05 5.101E-0S 1.252E-04
1250 1.625E-04 1.032E-04 6.724E-05 5.044c-05 1.226E-04
1280 1.590i-04 1.011E-04 6.622t-05 S.048E-05 1.2246E-04
1311 1.538c-04 1.004E-04 6.518E-05 5.018E-05 1.210E-04
1341 1.500s'-04 9.9591-05 6.442E-05 4.99SE-05 1.186E-04

.--.. 3Z;- ... 1.491)L-04 9.925L-05 . 6.421E-05 4.978E-05 1.181E-04

FIRST DATA ALT. 14 13 03 12 t4

LAST DATA ALT. 45 45 45 45 46
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FLIGHT NO. 39 FILTER NO. 1
BEAM 'PANSMITTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT IDEGREES)
METERS 93 95 100 105 120 150 180

305 .3220060 .5094440 .7128346 .7966315 .8890855 .9343779 &9429133
610 .1067433 .2673257 .5157343 .6412973 .7945598 .8756652 .8913809
914 *0376170 .1473058 .3824030 .5246903 .7161618 .8246699 .8462634

1219 .0138910 .08448'3 .2892915 .4351076 .6500157 .7798149 .8062355

FLIGHT NO. 89 FILTER NO* 2
BEAM TRANSMITTANCE FROM GROUND TO ALTITUDE

ALTITUUE . ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 1oo 105 120 150 180

305 --- 04*0~.A4.3- ,-96J7Z29 - .784920., .8500361 -,9 )-9 )3S&3 952026 .9508199
610 .2024735 .3899337 .6233245 .7282301 .8486038 .9095735 .9211970

-~9k4.~A94')A4__ _25245o,6~290~65 -tOWI -7~7~ *84~1_ 866945
1219 .0467847 .1104314 ,.114406 .5510982 .7345989 .8368817 .8570814

... .. .. .... • T 89. . FILTER N0* 3
BEAM TRANSMITTANCE FROM GROUND TO ALTITUDE

ALTITUDE ........ ZENITH ANGLE OF PATH Of SIGH1T WDEGREES)
METERS 93 95 100 105 120 150 180

------.305 ....... ,-AO4247 *7#10746 .8603643 .9040174 .9491076 .9702934 .9T42215
610 .3675871 .5i42212 .7436217 .811T70: .9G22378 .9423334 .9498620
9l4----ft22&9310.----.4184043-. -6.45.7.6-6Z .745t7.531 - 039992A-4 -9AD23 92687,24

1219 .1417959 .3232854 .5673570 .6036S51 .8213254 .8925763 .9062700

. .. . . LIGHT NO. 89 FILTER NQ.. 4
BEAM TRANSMITTANCE FROM GROUND TO ALTITUDE

ALTI-T• .. ZENITH ANGLE OF PATH OF SIPNj (AEGREES3 -
METERS 93 95 100 105 120 150 180

305 .6841142 .7977629 .8927904 .9267372 .9613809 .9775179 .9405093
610 .4740657 .6439625 .8017985 .8622535 .9261519 .9670 9231
914 .- .3334553 .5266281 .7248032 .8057832 .8942018 .9375027 .945643*

1219 .2394530 .4378215 .6b06378 .7571971 .8659124 .9202389 .9305441
-1 -524 -. 1737932 .367804J .6053113 .7140426 .8400053 .9042410 .9165180

FLIGHT NO. $9 FILTER NO. 5
BEAM TRANSMITTANCF FROM GROUND TC ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 (J3 lOc 105 120 150 180

305 .3698340 .55.42119 .7429417 .8192577 .9019512 .9421606 .9497111
610 .14014211 .3138735 .5590056 .6769166 .8171063 .8899z62 .9039393
914 .0560898 .1860073 .4299024 .567569C .7458830 .8442793 .8636452

- 1219 .0243491 .1169454 .3405741 .ýd54551 .6879213 .8057549 .8294102
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FLIGHT NO* 39 FNLTER NO* 1
PATH RADIANCE FROM GROUND TO ALTITUDEIWATTS/STER.SQeM MICRO M.)

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (OEGREES)
METERS 93 95 100 lOS 120 150 180

305 1.060E-06 7.516E-07 4.153E-07 2.747E-07 10204E-07 5.195E-04 4.094E-08
610 1.397E-06 1.126F-06 7,058E-07 4o906E-07 2.274E-07 1.003E-07 7o906E-ss
914 1.531E-06 1*332E-06 9.181E-07 6.661E-07 3-252E-07 1.472-0? 1.1626-07 -

1219 1.536E-06 1.414F-06 1.0536-06 7.919E-07 4,04SE-0T 1o889E-O 1.5026-07

FLIGHT NO. 89 FILTER NO. 2
PATH RADIANCE FROM GROUND TO ALTITUDEINATTS/STER.SQ.M MICRO 0.o

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 0oo lOS 120 IS0 ISO

1'05 1.132E-06 7.747E-07 4.244E-07 2.650E-O 1.306E-07 S.662E_-0 4359E-7
610 1.638E-06 1.244E-06 7.491E-07 5.208E-07 2.477E-07 1.089E-07 8.3093-0"
914 2.003E-06 1.622E-06 1.049E-06 7.526E-'•7 .3.737E-O' - 1.669E-07. 1930•-"-7

1219 2.129E-06 1.830E-06 1.263E-06 9.322E-07 4*.06E-07 2.232E-07 10729E-07

FLIGHT NO. 89 FILTER NO. 3
PATH RADIANCE FROM GROUND TO ALTITUDE(IATTSISTER.SQ.M MICRO M.)

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
MFTERS 93 95 100 105 120 150 10

305 1.370E-06 8.856E-07 4.582E-07 2.980E-07 1.290E-07 5.478*T6-O 4*26SE-8
0lo 2.303(-06 1.597E-06 8.805--07 5.864E-07 2.605E-07 1.1IOE-07 8.6386-08

914 3.003E-06 2.2102-06 1.292E-06 8.825E-07 4.062E-07 t.?s4*.-o?. .i;3Sr;-07
1219 3.323E-06 2.563E-06 L.592E-06 I.IILE-06 5.268E-07 20319E-07 1.794E-07

FLIGHT NO. 89 FILTER NO. 4
PATH RADIANCE FROM GROUNC TO ALTITUDE(WATTS/STFR.SC#P MICRO M.)

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
PETERS 93 9b ICO 105 120 150 ISO

"61i
914

1219

FLIGHT NO. 89 FILTER NO. 5
PATH RAOIANCE FROM !ROUND TO ALTITUDEiWATTS/STER.SC.P MICRO M.)

ALTITUOE ZENITH ANGLE OF PATH OF SIGHT (DEGnEES)
4MLTPRS 93 95 100 105 120 150 1SO

305 1.570)-06 1.115F-06 6.397E-O 4.425t-0T 2.122E-07 6.7306-08 6.54•E-08
.510 2.246E-06 1.T75E-06 1.123F-06 b.023E-OT 3.9S8E-07 1.6T7E-07 1.272E-0?
914 2.269F-06 1.984E-06 1.380E-06 1.019E-06 5.17TE-07 2.274E-07 1IoTIE-07

1219 2.155k-06 1.9956-06 1.495F-06 1.139F-06 6.003E-07 2.7326-07 2.1296-07
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S .. ... .. . .FLIGHT N0. 89) ._ .•U _.R•_.. .. ... . . . . .
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITJOE- .........----- -------- ... Ijt..M4k.QF.-PATJ QF..SIGKT .eDEGREES)
METERS 93 95 100 105 120 ISO 180

-.------ 301--4.. . 00-A-9 ....... 7A3jM .. l ------ E, ----•0-.......-LO.-01 6.859E-O2 Z_.8ISr-OQ2 29 199E-02
610 60627E 00 2,133E 00 6.931E-01 3*874E-01 1.449E-01 5#803E-02 4o491E-02
914 2,0&XE 01 i 4j7E 00 1.216F 00 6.429E-01 -E3Q-82.. 9.042E-02 &n9J

2

1219 5$601E 01 8*476E 00 1.643E 00 9.217E-01 3.IS1E-01 1.22TE-01 96436E-02

- . .... . FLIGHT. _NO_- 89 ........ F J.LTE..•.NO t. . .

DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE
ALTITUoE -- ZENITH ANGLk OF PATH OF SIGHT (DEGREES)

METERS 93 95 100 105 120 1S0 10
305 .1.434E O0 7.070E-01 3.046E-01 ..889E-01 8.018E-02 3.348E-02 2.560E-02
610 4.558E 00 1.797E 00 6.770E-01 4.029E-01 1.644E-01 6.743E-02 5.130,-02
914 _),1.i92E 01 3.619E 00 1.179E 00 _ 6.739.-01 2.676E-01 1.093E-01 8.273F-02

1219 2.563E 01 6.0486 00 1.730E 00 9.529E-01 3.685E-"l 1.502E-01 1.136E-01

FLIGHT NJ, 89 fILT.lER-N.. -3
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE ------.---------.------ ZENITH ANGLE-OE. ATH OF jJGHT COEGREEýS)-
METERS 93 95 100 105 120 150 180

105 -------...... "3Em --- 3.A*n0--.- .I1ME-0-1.06TE-01 -. 3996-O• _I..8TE.3-0 2 1.424E-O
610 2.028E -00 9.327E-01 3.832E-01 2.315E-01 9.345E-02 3.813E-O 2.943E-02
. .I. 6-476 00 1.710E0 T-0E 3- OJLt.I.*30i•-•_L -6..Al.U-f- L_4.32E-S2

1219 7.586E 00 2.586E 00 9.082E-01 5.262E-01 2.076E-01 8..411E-02 6.407E-0?

FLIGHT NO. 89 FILTER N.-4
-DIREC7IONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE. ZENITH ANGLE OF PATH OF SIGHT IDEGREES)
METERS 93 95 100 105 120 150 1SO

305.
610

1219

. FLIGHT NO. 89 FILTtR NO. 5
DIRECTIONAL PATH REFLFCTA4CE FROM GROUND TO ALTITUDE

ALTITU04 - . ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 100 105 120 150 180

-30 •.. -,5EOO 1.023E 0C 4.370E-01 2.742.-01 1.194E-01 4.703F-02 3.499E-02
610 8.138E 00 2.871E 00 1.019E 00 6.016E-01 2.459E-01 9.562E-02 7.142E-02

__ 91f .___•.0 3.•1 - 5S14F0 .O.. 1.§V.9•_00_ 9.1.IE-0_-_ _2i_-01 1_367E-0- - .1.029E-01
1219 4.492E 01 8.657E 00 2.229E 00 1.191E 00 4.429E-01 1.721E-01 1.303E-01
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FLIGHT 91

Moonlight. The flight pattern was from Lop Buri to approx-mately 40 km west of Sing Buri. The terrain

was flat (river delta country) and cultivated with rice paddies and other crops; there were also small

scattered settlements. This was the dry season (March) when crops had been harvested, ground cover had
yellowed, rice paddies were dry, and the stubble was being burned off. Water was still present in some of

the fields however and reflected moonlight was observed at the beginning of the flight. The atmosphere

was free of clouds but quite hazy, especially near the ground, and there was very little wind. Data were
recorded from 2052 local time to 2321. The moon phase angle was 400; the moon zenith angle was 150 at

the start of sky radiance data-taking, 110 at transit, and 180 when sky radiance data-taking ended.
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FLI FLT1- W.

I ,I 1~~ACF l -TT/St.M.MlCR-0 F.)
ALTI rUE nuG;&N- JI'P- SCAL A", %CAI AIV SCALAR4 ýCAI At,
(14t.Ti RS1 WiiLLINk; LL I Nt ALoi JO0 CIGW%.'LLL1N(v, WIaýLLINIG MCAL ALftWDC

111l 8.7761.-04 -.12, -0)5 .3,'ý9 I. e6s:--' 5 1. 151,-14' 1.4MC, -Uý .107
4'#.0 1.24o.--03 *.2-05 .05'.1 1.1,

4
%--0 1.6, 0,.-04 185C .101

7o4 I.093t---,3 11 1! ,-:15 . 0 4 1.481~-0 ?.) )9!.-J4 1.68u, -03 . 139
IOU~ 4.391L-04 ... (,7,j -G!) .J ja 1.294iý-03 2J.271,-04 1.521t-03 .171,

1 3S1 1.?741 -03 4.4,7- - P) .374 1.648El-03 ;1. 459k -V4 1.893E-03i t 49
16,38 1 .It3F-03 1.'ý'lbr -04 0 .Ci l..562-03 '.L12 -'i,4 1.843L-03 .180

FLI.hI '~'1FILT11. 140. 2

ALI ~iE ~L~'4 .-j- S CALA3* '.L SCALAR SCALA'

1.41 iTR.SI 14FLLING LL I %, ALqi-DU DCWNwrLL1NG ,.PWU-LM N. 1VTAL AL8EELE

1,11 7.461 L-34 1,.:,! 3t-,j5 .0o) 1.32.3E-03 1.604-1,4 1.483L-03l .121

445 )o682r -04 3.39o&-c5 .011, 1.137E-01 1.980*-14 1.535f -03 .141$

r64 1.023,.-)3 3.11?,. -J5 .071 1.410t;-03 22.081., -( 4 1.61E, -03 .*14,-

10,0 1. 3 1T- -3 4.-4-(-'> .071 1.701E-03 2.177 -04 1.939:-O'A .14C

i6!3i W). ;It -.- 4 1.* 1 t?ý--4 . 121 1.29't-J3 ý.89 1. -. )4 1.594'-13 .223

FL IHT NOU. )1 FILT'-.1' NO. 3

ALTI 1U('E N'1- 0'-',ALA:ý SCALA sCALAR 4CALAiO
(4tJI'Pi) ,dLLI'd46 L ING; ALKWU C',*UOLLIKG UW'~LLLIN3 ICIAL ALUMFO

179 1.276-03 .71-5 .07o' 1.62
7
L-0

3  )1.121r04 1.839,7-0~ .130
449 3.Z1-i3- 1.3 --'4. *.l 01 1.45er--03 2.549~-..4 1.713i-3 .175

7'.7 1.61115 -J3 I .1?9~-4)4 .,;70 2.(,39'~-03 2.664L-04 2.3.j6L-C3 .131

107%7 .330 1.514,-0~4 .09) 1.874E-0) 3.295.:-04 2..?C4c'03 .17t

1 '71) 1 303.-03 1:0(,oex--4 :1Z& 1:1,2--J3 3 SS4,--(14 I1.947i.-03 *23
Lý 64 1.308-u? 1.54!)--.)4 114 lid .13L-03 3:461',-r.4 1.954 -0.3 .15

FLItOHT ;10.91 FLLU 1111lif. 4
13t"AiTA',CE('4ATT.3/SO~f.?'d4C' IA.)

ALTITUOE I'0tN- (-.I- SCALAý SCALA., ;CAL AV) %CAI.Ar

*(POZTFRS) WeLLTNG --LLI - ALe'(00 DLWNW-ýLLTNG IJ'W1LLING TCTAL ALPIII

176 9.407L-04 1.'Andf-34 .114 1.176E.-03 Z.)?68f--C4 1.403 -(,- .193
441 9.029t--04 1.3491--414 .154 1.130E-C3 2.865i-C4 1.417'-CA .253
755i 1.206L-03 i.44IF-04 .124 1.44tL-O3 1.100C-04 1.756L-(,, .'?14

1079 1.:.300ý-03 1.446,'--14 .,c)6 1.758c-03 3.0124v--t4 ?.060,-L3 .17?
1373 '.61)61-04 1.4,>3r-,)4 0399 5.464.--34 1. 120, -:4 8.58441--C4 .'71

1684 1.1)33,--)3 1.4ý'5,C-'4 .12p, 1.?3es,-03 3. 631 -C4 1.545 -C3 .247

FL! H1T M,1.11 FILT I iC. 5

ALTITUDE I; 11% 1- u i'- SCALA'< SCALAR SCPLA"z ..C -1,
(IMITLRS) WELL14t- V.i2LLI1.ý ALbI200 0LhWNFLLINC UPWýLLINW TOTAL ALt-'

172 1.OL-03 7. 1'2r-0'5 "'7 ' I 37.S.-0i I.tý68-04 1.543,-C. :121

443 1.00141ý-03 9.7?1 -,, 5 .091 t.00 21763-04 1 620U--03 .15-
759 7.77.:-04 L.,171 "-cv .1 `16~-. 2.15621-C4 1.423ý--Ci3 .. 1

1036 9.113t7-"4 1. -7-04 .111 1.1,
4
L-03 2.6431.-04 1.618,-04 .1'P.

11,96 9.604.-034 1.355i-04 .141 1.2q,'r-03 3.196E-04 1.611'-03 . '47
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F I

AZIMUT:: UF PA•P- rp Sh.HT ,
f'IRECtI:jNAL .UFLFCTANsCE OF P.ACKG<OIUC

IE tI TH F ILT :RS
ANGLE 1 21 3 4

93 .269 in *• 1 1 .21415 .15894 .1(4191
95 . I 13,S: .416303 * 14, 16 . I 10IC .13559

100 .01)141 .1,94u 4k, NI .00i5c0 .2335 '
1)5 .01,731 .081,9 .C736 5 C6123 .11IC'-
120 .on49.3b .Obodt .u:37 .C305so .08460
150 .0)899 .'5963 .1C372 .%;IZCC .1635?
180 .062b0r, .07.!3; .fI 40 .12074 .07355

FLI ;HI ".0. 91
AtIMt,IH Of- PATh G, SIGHT - 9.

I)IRFCTIGNAL ACFLýCTAt$CE OF BACKGROUND
l '\ITH F ILT.RS
ANGLE I 2 A t

93 .2•'bb) .196W7 .14e66 .15647 .1')33q
q' .20 44• .' 1393 .13232 . 1345(; .14041
o00 .09-ft ., 1002 .8,J13 *c777,? .1281?

I )5 .072:' .O62!l .06317 Q.,327 .0912',
t2) .0'2,••c, .54 ' .05513 .03730 .P7123

150 .03677 .. 61 t1 .IC76'16 .06217 ?8)
.,,0 .062 (, .07'lt1 .Gc130 .12074

-LI',T MtN. 91
AZIMUTH OF PATH (F SIOHT - 1V)

DIRI-C7ITNAL 4l'F-CTANc. oF bACKGt0UNU
ZCNITH FILTL8S
ANGLE 1 ' 5 3 ,.

93 .1293a .13437 -14535. .1345Z .*2979
95 .10246 .0992-1 .11435 .0o043 .1672#

100 .U7T'Q4"Z .07763 .0E99 C07968 ,..11737
05 .070af .Ua?6c .06.18 .09528 .41839

120C .04'.;1 r,57L0 .0461C .CoO35 .0965V
150 .077'!, .3o1 -3 .(6699 .1t.7? .2C696
IdO .. 62 7r 07?3C .0C130 .12074 .r7355

-LI;HI U)A. '41
AZIMU1H Ilf rc pIh #'I ,IHT z to

01816 J!;3~i-FLtC.I4,CF ,F PMCKG -Cr
ZLNITH I ILI. i1M

ANGLý P 11 1 4
94 .1 W'?77 .14966 .19oe] .13181 .17043
95 .• 1i1,I . .I0 , .12c16 .C9766 .155(4,

IO .*., 01 .08707 .C'.14,# .C7366 .14"86'
IOb .vu?. j .C7490 .Q6,45 .C8934 .1441.+
120 .01)b, .06413 .C9374 .05685 ..',&
150 .)717,, .^61'71 .. 4,32 1 . .6421 .,12,:1)
k30 Cu,- . .,7,13'•1 °C l 0 .12)74 * 13"'

-4
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OA rE 22e69 FLIG~HT NO. 91 0ACUNfl LrVEL ALTITUDE I ?A.)- ?4 19.a.1

ALI1IUnE T0,TAl SCATfER14., Ct3FFFiciF,4r tPPIFt FQTTTR)
fm~:-T&I.51 F1LTt3RS I z 3 4

3.2 1.224 1.026.-14 6.437E-05 4.0'~6E-05 8.982t-05

t.4 1I. 2:. 1 .t CJ." ,0; - 0 6.41CL-05 5* o94'-5 8~.952'.3-05

el1 L. Z1 -4 ').02t.1-Q h.541:7-05 4.C082-05 B. 97.452;- C05
11 1 . 1 P)-- 4 1 .0 10-14 6.373v-135 4.G68f.-.5 8.131.7-0

17 1 . 2A-04 '1.011.;,-14 * r~- ii 5. 3.PSS-.% P~.2863-C0

t -; 1 .2.. -14 03-> -V,.9p" b i.2ý5-o, 3.01 ,Th-(S d. o33r-C'5

!44 1 . ii - G4 1). b (11;-,) 6. C L- 4; 3. 947-WS 0, .1 2 4c-I)~

111..TJ--0. 9.719c~--n4 5..2~3.--5 3.02C-05 0.552F1,-0j5
571 L. I3fl. -. 4 *1.621'.--P4 L63.5 1..951-o . 30E-G 8.150&L-05

31 L.If- -'i"4 o.t$:ri-L-4 5.777t-05 3.?1'.f~Z 8.4521--'05
se) 3 1.11-d4' - 4 9.70VS---. 5.6i7,-5 5.183;ý,--% 1001-

s4 .14?'-/ I.017--0' 1.36aW-05 "I. R.'~'3 70 F4-'05

14" 1 . .-) 'ýIi ;4 11 . 4 ; p 1- %;! ,.* 7 6. t; 0r' t) L3 . - 5 1p.03/ -o4

1.-' 4-4 1.-t 7 i -. 3v,51,-05 ';.C4 S 
9
.315i --

.1 1J .1.P 71 -04 1 . (P 7 F-1; 4 ~. 9 11) C- ( 5 '9.071i'-C5 9 h931 -05
54 9 l.37 ýf.-` 1 .0'. 3?t c3" -ý- 1 1'1ro 3. 4Qz 0S 8966 79Cý

-7 1.37 -;A 1 .O7ý4 ý -04l i.jk, -,5 1. 9,-P) 17 0,r4p'-n4
t,19 b. , -, 4 1.171: -M. 1).9 0 '. 3, -'), 4;.U'.t -(,! 1. 1 305tr1

1 2121) 1.1- 3t4 . 14!); -,,4 21)'3:-o5 4..0oi;-0*3 *.V141.-35

1 14 1.401 3,'j,;4 I '91' 1 'f~1 . 12"E;-05 d. c.'V.-(O5

'fell 1.3414 -i;4 I. It~- 1E4 4.:4-i t..l59"- 8.905Vc-5

133Z 1.47 1-0~4 1 .,i75:--)4 A.362 5i-15 4.08->ý-CS 8959LS-05

W4) 1.512! -(14 1.13:A.0t, 4 ~.3ý5'0 4 .. 2 V -C! 9t.49ef.05

791 15 1. 5;3,-14 1.04. 1,' -'34 C 7 '1 -05 4. 714i-'55 1. 00i3-94
e~.;,3 1.5 14 I' '- 1.04.r.- 1_'14 C . 7 i-'r35 5.'.34181 i- t.07?I--
0 46 1.31 7, -94 1.u.O.e-il' 6,.2.35 -,:5 4. [)1.3 J I~ 9. 104i- -045

167 u 1.-'.17--%14 1.0411-') :,.2 i~ýo 4. t3~651-,-45 1. 1jjj,. .4

,143 1.51.17--0 L.04C' -03 4.5I3'1 - 5 4.20!-",5 9.51 .30_-04

I C 16 -,)4 1.179-:-04.~ 14'5 .2t~ 3.1416$-05

Ij7 1 . 4 3J1-,i4 1 l.04- -;4 34 13..-;') '.1-024-:5 9. 31 St-15S

1 "'.4 1.2 ",-04 1.014;L-04 * 111 5 49.3jr.;-U~ 9.t1427,-115

fIiST - - -L1* 41i") .ýjY' t.r ,-r 9.04b0

lAST .1 7 .4 1 1T ALT .6 V,) V- ,56 .75C0

6.76A". ,4: ,S 4 7c05 10I-



I

1-1 11 ' V 0. C l F1LTt-; v1. 1
5EAM r.A6NS?AI I ANC ofU ;"Ot"4 I L' ALTITU(C&

ALTITU;E IrKirH A:'GLt OF P4TH i'F SIGHT (8EGkEES)

3I'5 .49,,t675 .681'7 .p 1'055.1 .86F7758 .9291716 .95s8310 .9642467
"ulO ./4,,923 .418?78'- .h6O9F41 .7574634 .)L6G07OC .9203356 .9306,88
Q14 .104547, .6u3 1513: .6409C45 .7943078 .9755048 .8912395

11)19 .04,654% .16 j 51 .3)9271t .b4CLOS7 .7,69793 .8318590 .- 526308
1t24 .01743o! .i'i71 Z7 .3!122f' .4569766 .6667272 .7913278 .9165336

FLI HT N0. 91 FILTLk NO. 2
p9AK TkANSMIFIANCE FROM .ROLND TO ALTITUOD

ALTIIUJ 7tNITH ANGLE OF PATH OF SIGHT (DEGREES)
1) 1 9! 100 105 120 150 LAO

S54 .•4720- .104001t .b384857 .8885284 .9406549 .96S2949 .9698737
.10 .30t315i .4976554 .7045073 .7905741 .8H:4646 .9321789 .9409'13
•14 . I Vi4t,6 .341,253 .5334609 .6966448 .8293479 .4975996 .9116854

1l?11 ."8I135' .2334661 .*4E8427 .6127075 .7760222 .863A112 .880922
15, 4 *,1120UI .16O5410 .3992791 .640II'54 .726984C .83186Z1 .3526336

FLIGHT '40. )1 FILTtR NO. 3
HE-AW_ TRANS.0111ACE FRlOM GROUND TC ALTITUDE

ALT[ I'U',L l,'ITH ANGLE OF PTH OF- SIGHT f0EG~rES)
T. ", 93 9 r, 105 12c, 150 1 l0

,5 .19o!993; .803927A .196246, .9291477 .9626712 .9782755 .9811584
&') .49199)1l .6562449 .11067t) .1&66465 .929700G .9587883 .9642095
,14 .3332094 .52u(9 1 .7244323 .8055065 .894082E .9374064 .9455595

1 1 i* .223 345 .4197o80 .6-6808 .7465358 .8595798 .9163473 .9271353
.' .1493643 .3361591 .5785264 .6927346 .8269349 .8960909 .9093596

FLIuHT "0. 9 1 Il.It?,. C. 4
RF-A' TRANSMITTANCE FROM 'ROU10 T' ALTITUr"

ALTI IT,¢ Z-NITH ANGLE CF PAT14 Cl- SI!HT I0EGqEES)
I l,. 93 95 ICC 101 120 is 1.c
SI .i9ý1?44 .8591923 .932C552 .9538886 .9758593 .9859904 .9876559
,IO .f,)7461 .7,,13314 817?CutR7 .9122643 .9535796 .9729303 .9765140
P14 .'-317)C-, .618099b .pl(C5ý55 .a6859?1 .9296643 .9587671 0'64191O

I 1') 3 /n5 9 .5707065 o7546423 .8278916 .9068,34 .9451172 .9522916
1 4 . 9217u2 .4945675 .7,.23C99 .781`9181ý .8645044 .9315952 .940'809

FI•,HT %0. I1 FILTER NC. 5
Rf-AM TRANSVITTANC: FROP CROUNO Tb ALTITUDE

ALIIIIU,'' /-SIIH AN(-LE OF PATH OF SIGHT 0EGlALEE)
NT Rý pj q) 100 l)5 12V b IX0

3 ' .''7 .74?64( .756673e, .9014593 .9471164 .9694720 .9735C73

6In f .3l,15V, .5431594 .7360668 .6141632 .8990438 .9404059 .9481791
"14 .19541)' .34448691 .6192478 .7250311 .8466722 .9083776 .92C1479

121,4 .107o,53Y .2749152 .5230321 .6473715 .7984467 .8781357 .8935584
1b'4 .2I919-. .9II019c .44C4C29 .57o8331 .7ý.;1604 .8483749 .867271f
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111PUTH ,'F PATh ,f NItýh
FLICHI '40. 11 fill .1'. I

*'P4TH tAQ14ANCE -RtP (,R,'L :, T!, ALiI TU If ATTS/5Tt -A *, .._ toI [ ..

ALTIIU.,E ZýN1lh A'N,.,1A OF PATh ý.F S•I.HI II(F(,, f--)
Mt T." R',1 :Oc 1 ,6V I?,

, S '-.401L-05 3.351 - 1A. j.709: - 1.100 -',5 t.b.9b2 -C,, /.682 -(6 ?.0,b6 -O6
01 '1.474--05 . u -' 3.2 .- ,' 2. 1 ',3iZ- ') 1 .030r-(5 .- 7819, -6 p.798, -Cf,
",)14 9.904-'-Ot 7. 72>-u t 4.70PF-O 3. 1(,.'-05 1.63,t.-05 9.404 -L,6 9.411, -06

ti Iv 1.- . P- ' 8.9of"- ýl , -,;1 +-,; +.. 71--05 2. 19(;L-05 1.279 -05 1.267.'-0s•

1,'4 1. 1314 -04 1.O0V - '4 7.077, -0j n,23, -.'-5 ".762' -05 1.6481 -05 1.(46 -0",

PLI".,t:T -.0. 91 VILL.-, ý!(?.
PA)H Atl 41* F•.m ,.-f W ý Tk, A*L T I Tb..L{ ATTS/STlr-k '. ! MICV1, "o.

AL TI Tu-iF / "I H A .'% L. ,F PATH lt- z.I( HT ( .',E• " . S)
c.:T . 'S i 10.. 1(15 12'` 1 1

4 4.., . ",-, ' i . )47 -' 1.4e':-,1 5 9. %ltiF--o 4.234t--c 2.319 -016 2.293 -06
-I 7.2' '- . ',.-1 7 ... ".75 : 5 1.,23f -V5 6 .5 71-C 4.775 -06 4. 719 -06

4.4 4. 'I " - 5' 6. 14J, -. 15 A.972.11-05 ?..7111-f5 1. i 19. -CS 7.404 -06 
7

.38; -- 66
1219 N .:'•' -1- ,1.205 - ,, I '.7--0, , .1 1'-P5 3..166-C5 1.,:5? -ý,5 1.05' -05
1,. i.'~l - '1 .. 2.- -lo I. I JL--, 4.40", -05 2.212 -0, l.j3b -05 1 . 7.-05

111 hf .i;. ,1 FILl. ', NC.o
P>AT4- AtI ,, 14 Itr,, . Ur T, AL T ITUrtW A7TTS/ ST:*,. m P I C 4L f. I

ALrlIII., / -tIh t % L" f 'F i'v I- TF i,'l,HT N'FG;-L'. )
.. T, I•- '" 1,, " 1,-) 12, 15 .•

;5 3. ? .---.' ' ,'.l1't - ' 1.,"Y,--"., 6.741L.-00 i.r062 :-6c 1.737 -06 1.852--06
",1( 3.19"-" , 3. 7.).( - 15 1.9 z-C 5 1.253iL-115 S. 6S .-- Ct 3.317-06 3.595 -16

:l4 U.1 9 -1J, .,.48%';-05 2.t. 3C[-05 1.962t-05 9.3ECC.-06 5.55'." -06 5.954' -O6
1/e) 9. 1-P- -. o93-' S 3.90-I'-C5 2.6,7E-05 1.293.-US 7.744 -06 8.314i-06
1,.:4 1. '33u,--", 7. 6,, 4. -' .(.,71t-0,. 3.218E-05 1.616t-05 9.786.-C6 1.047 -05

I-LI .hI .0. .1 FILl. ' L1 4
IATH t0, I ,,~ 1-," 0' , ,.1 TI, ALTiTUi,-It,,4ITSISTr!.ý-'.';. ?Alf:'- Y.)

A L T I I U -,E 1 '- ,, l -. A ',GL ,; 'IF -•'A fi F A H r IC L 'tL -
r t T-•A: ; ?-I 1 "^ ý r 12' Isu I "I":

'5 1. i4 1.O',''l'- . i3 3 -6 3.422.-0b 1.6051--06 9.499F-07 9.966 -07
""to _. vi•- ,' , . -r 3.C "S---:6 6.711r-- 6 3.;33F-O- 1.952r-06 2.049 -06
,14 4,.')'J1..-... 03.1')5--' 15.u2.-f - 1.013t-05 5.271c-C6 3.225Z-06 3.401 -G6

121') 6.111 -i,' N.Oe, -. ' .1 ;5 .-- 5 1.4021--05 7.269'--06 4.49C,-06 4.793 -C6
15 24 6.44,il -,-l 4 ,,.3 - • . ,), ,I., 1.715z.- 5, ,.651A.-06 3.3M8 -06 5 •2 •-•

II FhT 1b. ,1 hL f
AAT fI) •C. f .I A C ,, ,',. Tt %LTITU, (WATTS/ST- .SC. ll

0 
pI..' -. )

ALIIVU E " III' . :,.LT , MP h '" HT (.;FG"1'-,3
"-T. " I'ý 12' 15t, s,

"I '.S 4.41 '- ,, S.b45 -' 1. 125 5 -t 5 J.522 ..- 6 " 9L .- ", 2.205'-06 2.209 -C6"
',)o 6.992 4-- '.61-71-05 0.,11 ý- .5 1.6.1 :-03 7.0,37 -(Io 4.501.-06 4.45'1 -0,

04 d. ,jd/'- 6.231-'-. 3 3.62)'- 5 ?..1o40.1-05 1.209f-05 6.925 -06 6.711 '-C.6

1"4 9. .i19t-)l 7.4 J -'", 4.617-' 5 3.223•--05 1.o91 -C5 9.329L-06 9.044 - ,
1 ,"" 3.'0.--*,, ,;.3J6 - ,.4- -- : 3.3-36' -05 ?.r"C5-OS 1.1591-C5 1.127, -0,
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- ~ ~ lMT ______________________

FLL.TýO 1,FLL L
!'T AACIFO O% VATT:f(AT/~RS~ IR .

AI ~UvZNl N1ýI AHO IH DGESP. 'R 9s9)I- 0 2 5 8

FLI;hl W(. 91 FI1? - C. 2
P'ATH '-.AGIA.,Cl;FR ;qUCT ALTITUU.-EWATTS/STER.SQ.Pl MICRO M.)

ALTIIU' f.NIHAN~ OF ,'AT14 .t- SIHT (DEGREEA
1 93 95 to 105 120 150 t

.46-5 1.29.qt-05 8.643E-06 -4.316E-06 2.641~-:-6 2.29V'--06
61.ý 639)--D 4.4r-5 2.471E-C3 1.687E~-05 8.60iE-;06 'ý.313C-C8 4.

7
19r-

0
6

J14_ .042-11 3.631f--05 2.'i39E-05_ .3k23t--05 8O2-6 7.385F-06
11197.3cir-5 4 3.40RE-05- 1.830E-05 1.161"-05 1.052E-05
0 4 1.67cPl .12-,5 t.590E-05 4.122E-OS 2.2Q9LE-05- 1.482c-05 1.347E-05

FLkH-i &'. 91 F IL~ U ,CN. 3
'ATM ADIANCt RM' ;iRjU'C TU ALTITUV--gWATTS/STl:R.SQ.P MICHO M4.)

AL IFU F :NI714 AGL: 'IF PAfl, OF SIGHT (CEGIEES)

I 5 1.01!,-ji I. ?8!)L-ti 9. 15f, -06 6.088E-06 3.117E-06 2.082t-06 1.852;.-0O6
610 3.~)7-~ 3. 191'-M 1.7,),E-05 1.15?E-65 5.942F-06 3.954!:-06 3. 54j)'- 6
t'14 5.9G4.- )' ' .747h-,j5 2.653E-0'2 1.819E-05 9.55DE-06 6.448t--06 5.9S4"-06

12l') .2',7)- 'ý. 9E3.- -5 3.508F-05 2.453'c-05 1.317E:-05 8.970E-06 18.314;-06
15ý4 6. Pti A.13 Y 4.1J2L-05 2.949t-05 1.642E-05 1.130fr-05 1.04?F-O5

FILMI, '10. 91 FILTI-R q(). 4
P'ATH l)1IANCý- Fhý4 ,DM U~ %. ALTITUI'liliATTS/STFR.SC.pw MICIPC P.)

ALTINt: 1-/>11H ANGLE GF PATH OFSIGHT MnEGE1E:S)

1115 1.or93t-05 1),24"-d .7o09E-O6 3.142E-Ot 1.642E-06 1.127E-06 9.966E-07
"~ I ) ýqol- 1. 7f3'- 9. 42 1F-1~6 6.104V--ft 3.325E-06 2.269E-n6 2.049L-06

19'45 .55: 3.95V ' i.2'a- -C d1C:.61,:0 8.877l:-u6 6.131.-06 .2t0

FL I JTIC 1f!l LI'FfýOAZ t e~. - LlLaoAT/TRS;l IR .
ALII-;-IHAN-,O AFFSIH 1LILSp -I*4 1.i 51 t

2.3 .23-.) .4C-6 75?-6 220.O
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A1II'U1H OF PAT, I hI -T i

PATS' AuIANCt FWN.~ Ki"U%. T' ALT1TULE(WATIS/STkPS.f - 10Co
ALT! IU Et Z. NITH AS2L' JF PATH OF SIGHT (UE6l'1-4 ý

loSt rRS 43 too 10 C5 I?(, L'
to'5 4.238¶E-05 %.'all~ 1.437, ,-05 9.69'Th:-it, 4.9 3"t--06 '.090 -06 2.62-~ -06

,.10 6. 8 ,14- -o, 4 . P4 2C' 2. 1t f ý- C5 1 .96 21t -3 5 1 .CV'#7, -, 5 b.727--06 , ?qp' -0t,
'14 A . 278--J b o.55401 O-I 4. 1 7k-C5 2,.990ý-' 5 1 e)39s--05 1.057f -05 q.41 1. -,;6

1'11) 8. 510t--'5 7.~1S t-C) ,. 192L-05 3. 8,)7-)5 2. 178t-OS 1.4061-05 1. 267'-0t)

VAIII 'AOIAN(:Lc S-'(& T f%.Z1 11 I us 1('ATTS/Sf * ~.P) MIL1O v.)
At i I Io U, k1,\H ANýA AF P'41,, 'F~ICHI I64tV'a

Tr !,Is ., ' i 100 1 5,1U1-
rA 3. 1041-. 2. 353'-05 1. at-,5 8.4061 -06 4.3094-06 2.68V' -06 ?.29, -36
s.) c) ~l0. 4.176 '-0,~ 2.31?'--Ob 1.6351 -05 6.543E-06 ).321E-06 4.719ý -CGb

'14 73 -0 .1-Th 3.4adr-Ct' 2.449--15 1.306--05 8. 168--06 7.38ý. -Co
1211) I75' L -05 7.044.- 4.' -,,- 3 . 2,11, -i,) 1.79ý -- ') 1.141 -05 1.C5? _011
I '4 9. UI1L-05 7.0 8-a.5 5. i', -0 5 3.912--05 2.237L-C5 1.445v-0C5 1. ¶47 -

.'AIIA :A[IlA,-C, P t M WU\~) I., ALTI TULEeA1TSISTFý.S`.r iIf.RG M.*)
ALT II UOL LAIf-411 !sN.LC US PATH- UF ;I;HT (,,FG"LO,)

'305 2.jJs.J 1. 704:-,15 .ýJ5 )U .945--0b 3.1joL-06 2.112 -'26 1.b52 .- 06

- 914 6. 741,:-,., 4.50sF-C j 2.:)75f_:-05 1.7771-05 9.43iLt06 6.2t'1t-.,6 5.954..-06
1. 19 . f- :.79o -C 3.4 32c- )5 2. 3 d i- -05 1.289E-05 8.629' -06 8.314"-06
15?4 d~~.'a .C.-~ 4.0;)2L-(5 2.'-WL-3., 1.596!:-05 1.076--C5 1.047z-05

1FL1AST NO. 91 FLT. :so.
P)ATH 'A 'I" ;v s- L ", 1 ALTITU"E( ;1S4,I.."PA .

ALTIrUOL ?:NIf!J A'.j1. Or P-615 0.' ýIGHT )(E,
T, R3 1 10op 1t 120 15 1

YJ5 1.'.) 7 5 3T 9 .12 2 -- h 4.69Ua-0c - 3.159F-0,6 1.682F-0 6  1.150;;-06 9.966 -07
u10 ?.At49--'3 1.741r-,"- ')la¶7F-C" 6.245F-06 3.328E-06 2.24CI1-06 2.0491-Cf
-#14 4.1'j,.*-), '.c70, -0' 1.45CE-C5 9.953F-ob 5..

3 30E-06 3.583;:-C6 3.407. -C6
/1/A) *.,24,-- ). ;. 511 -35- 1.963F-05 1. 3t, t-W)b 7. 146,.-06 4.95C, -01s 4. 793r -C6'

ltdA4 3-3'P~ .9 3 ' 2.?o7r-05 1.!597r-n5 8.7ý.7V-C6 5.8751-06 5. t2 8 -06

V . -I. lT CG. ', FILIl - NO. 5
'AIH Ai)IA\C- 0'10v 1. "AU'W0 T. ALTITtDE1WATTS/STECR.SQ.#1 I4IRC f,.)

ALTI(U~k- Z-\110 ANý-tL OF PATH GF SIGHT I0EGREýS)
Y. r -S I- rLO 1 'I. 10Ia

3., 3~7.: - 1, 2. V',4,-. 1.147c--15 7.7C?',-)6 i.gf0L-C6 '.543'-C6 2.20,') -Lt
* N.e3 ~-I. 3.9a,6-'- I" .224-' .519L-05 7.9.'$L-06 ,.000k -C26 4.450 -C'a

014 e.2ci2 -V ". '3"'>-C-' .3. 2 V4t - 0 2.2,23F-05 1.?051-65 7.519t--06 6.721'-C-&
1 111 1.113 ! ) 6.44. A->. '..C 0 : 05 2.935,t-C5 1.598r-05 1.0021-05 9.044;-C
1~'ý24 3. 1r' t)- 7.073C-9*:s 4.7t. r--99 3.5a29L-1^5 I.9 7 8,--C5 1.257' -05 1 . 12 1-a.
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A?110.UTI' rF PATH Cti- SI',HT =270
FLIGHT .'40. 91 FILTFR NO. 1

PATH .RAOIANCE EPOM ý,R(UNC TO A~lT!TUUEfWATTS/STER-.SC.m14 ~IC-1 P.)
ALT11u)oE Z~lrIEH, ANGLE-Of. PATH OF SI,;HT (DEGREES)

M'-TI RS 93 # )1600 105 120 150 1130
3)5 4. 791--05 2.,46,7:~--05 1.504E-OS 9.923E-06 4.797E-06 2.793E-06 2.626k-06
ý10 7.357k-05 5.1.ýSt-05 2.943E-05 2.007c'-05 1.O11E-05 6.008*-w06 5.798E-06
)14 J.I.133E-05 fA.913P-35 4.350E-05 1.018IE-05 1.013,:-05 9.893fi-06 9.411E-06

1.219 9..)511L05 ')14;'S 5.494E-05 ',.CloE-05 7!.176F-05 1.344'.E05 1.267E-05
1514 1.),3r-04 9. ~~-5 6.512E-05 4.?97r-05 2.742!'-C5 1.722F-05 1.646t-05

FLI..;HT NO. I' FILTr'l fU. 2
'Aft- 'ADIANCC F:.fl'4 ,RcAR4F) TO ALTITU .(6.AT;S/5T~.'SC.P MI(AG 0,

ALT! TUiE Z 'o.I)H AV,LE OF- PATH CF sI;,Hr (DEGREES)
PT;R 3100 1 r.5 121 150 11iC

1 .5 It. 191L-l") '.61-' 1. 325F-.;5 8.679E-06 4.1486-06 2.405E-06 2.293E-06
,10 1). 37 :-,; 4.47S.'05 ?.16L, 1.oe5E-5 e.345l-C6 4.934!:-6 4.719fi06

U1j9 ').4d6 -)-05 1.536o-'ý5 ~.8'-~ 3.4C1F-Os 1.7I47r-OS 1.089t-05 1.05Vt-C5
15'4 3. 363 -11 3 1 ý .'-0 4.114,(-ij5 2.226-O05 1.380E-05 1.347 .- 05

FLI.,,H ',U. 91 fILf,.' ý,.. 3

ALI I ruf i-AuTIH ANLIL ;f- , 'Fm-, 1.;HT ICEUNtkzS)
P. -kN 93 45. '1G f" 15 12) 150 1 "1

"114 7 .ý3U.-,,5 4.94er-05. 2.U -. 1.c.42E-05 9.29C'.-06 ts.400E-O6 5.954z-06
12;9 8.7512-05 6.273F-05 3o6l6E-05 2s.45~-zf5 l.?76c-05 6.046F-06 8.314.--06
15?4 -9.3tMZEOS 7.1261--05 4.315FO05 3.C2')E-35 1.59OC-05 1.013F-05 1.047,:05

FLICHT 10. 91l FILT'ýý 'IC. 4
PATH RAUIAICL f44s.Y k,.PdJ") TI %LTITU,;L(WATTS/STE .SC.#' MICRO M4.)

ALrliU F ~ %ltIH AVrLE OF PATH CF SIGHT (DEGREES)

.%5 1.710E-t!' 9.U193,-'6 4.9?9!-(6 3.'4?E-06 1.617E-06 1.009E-06 9.966ý:-07
('10 ).677L-OS05 ~ lC 9.65 l4-Oh 6.433E-)16 3.2501--06 2.043c-06 2.049 -06
*14 k.513L!-03 ?7-t'5 1..l3 E -: 1.033E-05 5.283E-06 3.348'-06 3.i--E

1219 S.7OOý-05 ').79O.'--)0 ?0L- 1.419E-05 7.343E-06 4.670F-06 4.793;--06
15.W.4 -3.'537c-0 4.203"0ý 7.4C~r-,,5 1.654--05 8.748E-06 5.549C-06 5.c)2ii -06

F' VHT ',G. 11 rILTl.ý *4(:. 5
P'ATH 'uAU14NCV, F'Z0,v ';ROUA,'T: ALTITU.*.. (WATIS/STtil.Sr..V MIL.4C 14.1

ALT! lUlL / Nflih ANCLr OF P.%EH 1,FI;H (11EG'4E1S)
VT'RS .3100 105 12C, 15CI 1C

3-6 3.3191L-QTh 2.31')5& 1. 211.:-!"5 7.9bqC-06 1.359t-06 2.283E-06 2.200h-06
ý,l 6.?13L-3)5 4.?26ý-0D. 2.325L-,-' l.b6l`ý--os 7.809E-06 4.654E-06 4,.450E-06
'I'. 7.S63'-I. ).79C -05 3.417E-5 2.3. 6A-05 1.2O6ie-o5 7.177E-06 6.727e--06

t19?1 8.7'jY-05 6.911E--15 4.33Pk:-05 3.077;.--OS 1.dil2L-05 9.653E-06 9.044E-06
7b, 901l.3 .582--05 5.063F-05 3o6SC'E-05 1.983,-05 1.201E-05 1.127E-05
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VYIMULTH OF PATH &,F ',I HT z
t-LI hi1 0. )1 FIL . ' I. 1

tWAA:CTIONAL PATH ALFI tOTA iCE FRLJM CR;IJNI tOl ALTITU2F
ALT ITU;E L t\IIH AVIAL dl- ,ATO OF Sl,,HT (OEGRkFEC)

Nr.ToRS 93 , )IrCe 1(;s 12C IO 120
305 3. 9 0 E-0 1.Sl?2Cý- 0 1 7. 54 bL-02: 4.533L-C2 1. 911 E-fl2 1 .01IF-C2, 9. 749%-'J
j I ) 121'00 4. C? 5' -31 1.776t-01 1. C 32:--0 1 4. ?:)8I02 Z.2521:-02 2.230' -0.2
"114 1. 3911. 00 1.0431- 0ý,- 3. 31 iý.-(?l I.e461-0)1 7. 167r-02 3.845E-02 i. 780, -C ,

1/)19 3.7971 00 1.Odor C0 '".33'-L 1 7.,;31L-01 1.CH2C-01 5.504a-02 %532b'-C'
1'04 2.339C 01 3.674i: fl b.14tcJ1 4.09,'L-01 l.494k1C1 7.456E-02 7.l-0

FL%,HT Mi. I1 'ILI:. .
flI4RCIIJNAL PATH lRF;LF'CTA 10 FQRO 3kN;N TLl ;0ALj rUr'E

ALTIIUkL 7 -NIFH A,,bI:'IF PAN tOF aXON^,T (AcGl~tLS)

FTFURs )3 )h Iu I'm 1? `5~ 1,0
11,5 7.392-i1 1.38dL-'01 5.NPSS6E-,32 3 . 55JL -02 1 .',) ?r.-0V 7.971E803 7.849t-0
.to L *.90 q --.o1 3. 36 1 F-0 1 1.297S-01 7.65bz-O/ 3.209qF-0' 1.7012-02 1.665.-C.
'14 1587 0Y .3-i __ 1 .610 .fu0 5.?11&'-COl 2.7690:-02 2.693t-0'

laY_ 4.2432 03 1.115- 00 3.561"-01 1.9. 1tt-"1 7.7101-02 4.043,'-02 3.964 -- C'
15s,4 8.673 0) 1.916; 0' ý. 10G-01 2.7CS,-Cl 1.c)3U,-o1 5.3331--02 5.247 -07

FL 1,FIT NO. 1,1 F ILTI., tl I. 3
01141CT1I1',AL PATH. flEFLFCTA'.CE; CHrm GRCU'dO) to ALT!T1A[t

ALT! [UuE 1 N1l!. A'LUE OF PATH (IF SIiHT C )-GV~tt&)
.YtT Rs 'Xl )00 LO 12' 1521

."Is 10231")1 6.640:-J, ?;.9091-jz 1.76%L-22 7.832L-03 4.371E-03 4.648 -O,
510 ?'.ý 41E-o1 1.406t-01 5.879E-02 3.5o~c-O2i 8.5~C .706E-03 9.17P- -0'
114 a.Xt1E.-71 t.5o3L0-1 1.007E-01 >.997! -02 ?.583c-C2 1.458tc02 1.O-0

1219 1.o f 0 4.(042--.)! 1.436t-01 S.6YAE-l' 3. 7)3'--, 2.0804-f2 ?.20e -02
1524 1.703-- Ov ý.7.Ao-Ol 1.9StL-O1 1.144L- :1 4.'3122-04O 2.689ZE-02 2.835L-01'

FL! 41 .0 '1 FRFILTY 'IC. 4
I)kltOrt )%AL PATHI R'FL -CTA'4CE FRM GROn tO; ALT! [130

ALTIIUI'E !rNIIH 4?flLC OF PATH CI- SIH (l.IUAuZtil- s'

.,5 6.?70 )'--' " . 2r-O 1.9110-C.. I.'$- 5.494F-03 3.217E-03 3.1369E-03
610 1.791t -21 3091)C-ý_ 3.938"07 'S7- 1. 1 42h-a.' 6.701E-03 7.-(0060Z-0;1
'14 3. '4% -1, 1 1. sltc-0 I 6.681_-C2 .2c-) 1.894k.-02 1.123F-C2 1.180 -02'

121') t,.ý7(--C1 P.376'-0! 9.672P-0j2 5.-90, -C2 2.677fl-0 1.>87a-02 1.68lr-0,
1,/4 7.

3
0o-- )1 1.0'ui -. ,1 1.'l-2I 72V' 3/6- .110 .998,-O?

FLI-HI ',0. 'ý1 FILI
NI FCTI'CFAL PeTil Et OF![CIA.N0 FV-[Il "-ii ',.*,' ALTI TUPC

ALT! rOOF \IFI, P. 1'u' ~A ,H (I('-l .

305 2.3? 12 L- 1 3-- 1 1' fl3( - i 0.6c l-)z? .1.94--C . 1.135F-03 7. 091.-i
'5) . 7o:- 'o'C-)l 1.7.--I 6.19,1:- -02 .b3C1.00U 1.472--C.'

'14 1.
3
t'c,- .l .of-)--61 1.03' -' I 1.'Jdt-C1 4.4b1l -t; 2.397~-02 2.293,_-0!

121l' a.774ý. 6*' 7,,~-I 'l 9' -'1 1.66V-31l 6.36i1-C? 3.3331--G2 3.175,-C'
1524 ts.4?dC: t 1. 34W 6i 1.( 2.11C .340,--Ci 4.?87r-CZ 4.077k--C?
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'%'It4UT'i CF PAT, ;F S14,HT

VlI'LCThINAL P'ATH REFLKCTAC- FROrF 0,MXtND TO ALTITUPE
ALTIMIE' W.NITH ANGLE UF PATH OF SIGHT (DEGREES)

MPT,:S 43 95 10C 105 120 1f
WOS 4.332r-d1 1.576E-01 6.7e12-02 4.192E-C2 lo929lE-02 1.125E-02 9o749*.-O03
".10 1. 164!, Ou 4o23OU-01 I.olOF-n1 9.643'-02 4.339E-0i 2.553E-02 2.230t-01
114 3.072L ')O 9.339Et-01 3.Cj6E-01 1.735f-nl 7.436E-02 4.263E-02 3.780E-0;
171') 7.075- t;,, 1.787, 00 4.892r-'1l 2.657Z-01 1.0.13E-C1 5.990F-02 '3.32?L.-02
IS24 2.070:- 01 1.2d6F 00 7.456t-.ýl 3.81.2E-01 1.497E-01 8.162t:-02 7.2116k-C'

FL! HT 410o 91 FtLV'k NO. 2
r'114C0It NAt PA&TH REFLECTA'4CE FROM CR'U':N TP ALTITUVE

ALT1i,iJ. 1%N\ITH ANGLE GF PATU 6F SICHI tnLGRrCI,)
.rflk!) 11 95 1oci 1ý15 120 ISO V0)

.½5 e.1.0t2hr
0  

1.1681-Cl 5.142E-02 3.230E-02 1.524E-02 9.084E-03 7.8491-01
Ila 6.927E-,31 7.9302-61 1.16t)E-01 7.086E-02 3.2282-02 1.893E-02 1.663%--0,
)14 1.676f. 01 ! .869E-01 2.C6oE-01 1.P10E-01 5.297F-07 3o034E-02 2.693L--C

1219 3.770L 01, 1.05V~ 00; 4.?64r:-rd 1..341F-C1 7.83OF-C2 4.464E-02 3.964! -C'
1>24 7.7o-1~ 01 1.699C 03 1..o4t-,'t 2.534c-CJ. 1.U451-.-0 5.917E-02 5.247.-C

[I I.HT 1:0. 91 FILUr ' 0. 3
UIRECTION'AL PAT14 RE.I-LECTA'iCE F.RCmi (O"IC'D TO ALT1Tu'rF

ALTI]UijE Zr:%1lH ANGL2 LUF DATFI- .1 IHT 01~EGAlEES!
v.-r~i is 95 63)C. , V , 121, 15' 10)

"W5 -1.072C-01 5.465E-02 2.1:15,.-C2 1-.!AL-02 7.911F-03 5.239t-03 4.648--0.:
,10 2.5l11-1 1. 1'13ý-O1 5. 1P-? 3.2641--02 1.573E-02 1.015'c-C2 9.1?8F-0'
v14 5.16aL-0i i..221E-01 9.015t--02 5.560F-02 2.630E-oz 1.694F.-02 1.5501-02

-ý1 1.61 On' 4. 9409'.-1 1.7t.4_- ~11 io~o 4.RdSE-02 3.104L--02 2.8W-0C2

I-LlHT '.U. 91 FILI- .%C. 4
.IQ, (.TTOM t 4 1'.4 ýrFL3C I A iCl af.P I;~2. TO ALTITUDE

ALTIIU'F lc'.IIH A%3.'.E .SF PAih JI- SIGH[ (EG4EES)
"NTT. R . 1,)l IC;, 12( 150 1 S C

".5 6. i7IL-U2 J.A553'-)2 1. 6 ohl-O^- 1.100z-02 5.619E-03 3.8IgF-e3 3.369F-01
.o1O 1.'41F-r! I h77'L-O' 3.569P-V,' 2.1,08F-02 1.164E-02 7.789r-03 7.006E-03

1'1, 4. "--0) t .l5-' 1. os31--C, 5.5552-02 2.746E-C2 1.837-:-' iA1C
15 '4. 6,.13fr -J ;.t72, -ji ".Ir,.-o1 6.646"-02 1.152L-02 2.198E-Zz 1.99;4.-0:

UL.lHT 91s C ilLT-'. -40. 5
.~~-~lPL."Thi P;_LFCTA ýCr Ftl .>!" S'L' ro ALTITUCE

ALT!i-' 402NpdrH- 04'LL. Xr (ArH V'F %IGHT NEG(E1-S)
''T R 3 " i I.ý 12. 15) 1 c

.1-; 1.' _0~ 1C 4. 4?M -CP e. d27,- Q2 1.337t--C;ý 8.09SFc.)3 7.091,z-03

1 ý.4 30. 01 Q0 1.2111 (1 3. it6.-- 1 2.0112"0l 8.414c-02 4o655' -02 t.077.-C
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Wl!MbI CI- PAIL' ef- %SLHT w)
FL 1,ýHT I~. ' F L 1 ý1 .4 .~ 1ALTIT,,L)IRFTI0IYAL l~.h~~LC~C:FC4 Gq V CAT~

ALT I WOE NI IH AN60L. 2F- PATH t- .I,HT )Gi~

:s )s (.161~ -- 1.45 1-0I 6. 345E-O.' 3.996F-rV 1.919F.-02 1.153F-02 9.749.-CO

9)14 2.435C 00 C.7Ai,-0 !.8i-, 1.67 )C-rl 7. 3&8':-02 4.320E--02 3.780; -Cl
1219 7.394E1 ") 1.6'4. 0-1 4.6,)%-01 i..57P-01 1.073F-01 6.051.:-C? 3.321L-0,
1524 1.945. 01 4 C.q.' k 7.( 3f 3.686,--01 1.473f -01 8.141F-02 7.2161-0

OIRbCTIINAL PA1 Rt ILrCtA'NCE FROMC G.Ir'JND TO ALT! TUPE.
ALT-ITUDE 7 hli1 A4,,L[ OF i'AIl UF SIGHT DG:-

M) E CNl. 9 12J ~ 150' i- 1

$10 96('rC-')1 2. 71 F I 1. 114E-01 6.366,t-02 3.204r-02 1.895 -02 1.66)L-0-
)1 .8k0' ). 5:)-1 z- I.974F-01 -1.1467r-o1 5.229E-C? 3.012L-C2 2.693 -0

1219 3.586k 00 1.J? 301 . 3. 124ýE1-01 1.7718-01 7.6822E-02 4.385F-02 3.964 -0
1524 7.3910 Ov 1.619'r C; 4.450t-01l 2.442E-01 1.C22E-01 5.769E-C2 5.241.--C'

FLI,.-HT '.0. i1 FlLIL No. 3
VICFCTIONAL OATri 'ZtFLrECTe.\Cc FRO#4 GROUNI) TO ALTITUOF

ALTIarU'E 1,'JITh A~uLL fOF PATH CF SIGHT (CEG¶1E%-)

305 1.019E-01 %140 .430L-IA 1.575E-ol 4.006E-013 5.315-r-03 4.64&8t-C'
)to 2.3193F-01 1.144f-)lý 5.C!2F-J.' 3.183E-0l2 1.565'E-C? 1.004F:-02 9.17t. -0
1')t 4.981t-C I '.1471;-,1 3.74Wl-32 5.4316-02 2.597E-02 1.o42,ý-02 1.5,50 --c

1524 1 411-- O0 16.82IF-01 1.724k-Al 1.030E-01 4.752E-02 2.962F-02 2.835---0,

FLI~l-. GC. ') FILij.-R"C. ;4
.1IR'.CTIJIN'L ;L~ RE-1TAýCE F .4CLNl T ALTITUOF

ALTIiU..E Z-%I(H ANCLE OF PAIN UF SIGHT (DEGREES)
1A '"I 3 luC 105 1?') 150 t

1115 6.c,5-.0-h2 3. 5,,' u .udlE-0' 1.106t-02 5.756E-03 3.897E-03 3.369'0l
-. ; .11l-v 1 1. 637, -0".. 1. 513E-11. 2.266F-c.e 1,166L-(12 7.6886-03 7.,)Ot'L-O

3

'314, 2.~44o-J1 1.3~6r0i i
9
2- 3.8327L-02 1.915t:-02 .4-2 1.C'0

II I 4.1i97E-01 -.0113E-1)1 I .6w4,I-02 5.491E-02 2.705E-02 1.749F-02 1.C81--or
13j't 6.2Z2i-01 2.62'IL-D! 1.013E-01 6.760E-02 3.306t-02 2.106E-C2 1.99tC--o

CFL~Iý,KT N'O. 91 F-ILl- . 'O. 5
VIRSCTIONAL PATH REI-LECTA'4cE rArm rCRI;N0 IC ALTITUDE

ALTI7U0E Z r 141TH AN.;L2 Jr PATH- fF ',IHT (OC,'kF1$)
P-TI~ Vr; 'P3 b v 12, ~ 1u1'

30'5 1. 6d2L-U1 9. 3Z3F-o;' 4. 13" 2.uO0l--02 1.3171 -0.2 8.22dt-C3 - 001 -
,I(' 5..J12-31 .20 1--:1 Ao 2 5.h52c-02 ;1.770'-C? 1.b6aC -02 1.412?--0
114 1.Ib

7
z 'n0 #.387E-C1 1.6311)01 9.79OZ-OZ 4.465::-C2 2.597'ý-02 2.293-.Cl'

1214 2.364ý. 00 7.349L-cu 2.451z-01 1.424L-01 t.2tC'-02 3.579F-02 3.175>02V
1524 4.523L 00 1.137E 0') 3.4ca,.-c1 1.91'ga-01 A.250.-C? 4.649E-C2 4.f077 :C.
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ALIMUTH (IF PTli Lf SI4,T 270
FLICHT NO. 11 FILrhR NO. I

)IRELYILUNAL PATH FFLECTANCE FR.OM GROUjND TO ALTITUVE
ALT17uiE LFNIIN ANGLE OF PATH Off SIGHT (0EGREES)

tMi.T':RS 93 9 5 t00 105 12n0 1Sf. 19(0
5,15 3.30RE-01 '..553E-01 6.638E-02 4.089E-02 1.847E-07 1.043E-02 9.749E-03
610 1.066F 00 4.219E-01 1.594F-O1l 9.48SE-O2 4.178F-O02 2.3681-02 2.230tE-0)
1)14 3.025,: O'ý 1.326F-01 3.02:'k--('l 1.719r-'C1 ?.?70E-02 4.045E-02 3.780E-02
1219 8.0toL 00 1.8091- 00Y 4.926F-01 2.662t-Ol 1.071P-01 5.782%:-02 5.321F--a/
1574 2.101L 31 3.321,. 00, 7.4q;h--Ol 3.E36E-01 1.472b-01 7.791E-02 7.216F-C*

FLIl,hT %10. 91 TLTRk- NC. 2
UIRECTIONAL PATH PEFLECTA'La. F(WPI C1'LL.w ILI ALTITUDE

ALTIIUDIF 7041rI4 ANGL;IE (IF PATH kIA 1IGHT (CIGIFEi)
P,,S 94 q5 1L.: 10% 120 15) 1k c

?~ .51IL--0I 1.21Vh-01 5.247~--d0 3.243E-02 1.4642-02 8.272E-03 7.849t-01i
.ý3O 7.031E-01 .,.9&bd-01 1.176E-Cl 7.C~thE-O2 3.1292-02 1.757E-02 1.665t-0;,
)14 l.eL,7 00 ".905F-01 2.0735:-C.1 1.207E-01 5.187c-02 7.872E-02 2.693,--0,,

1111) 1.667L: 00 1.072E 00 3.294L-01 1.643E-01 7.6461-02 4.135E-02 3.964--0
1iý?4 7.9671i. 0) 1.73f)- r, 4.6e8E-Cl ?. S292ý-C0 1.017E-01 5.509E-02 5.247!-C,-

FU-NT 1.0. 41 FILTZ- NG. 3
(OIRf:CTIONAL PATH 2 -tLECFA;.CL2 FROM CR~uND TL ALTIIUOF

ALTIfU, -;LI AN%.L2 OF PATh .JF 51011 (0F)tILEb
M.TPUt') 95 100 105 120 150 1140

)J5 E .a9-O 5.649E-02 -2A557E-02 1.612t--02 7.575E-03 4-.596E-03 4.648F-03
610 2.626E-01 1.239E-01 5.3156-02 3.299E-02 1.527E-02 9.113E-03 9.1781`-03
914 5.4t1OL-01 2.3132c-01, 9.2612E-G? 5.630E-02 2.558k-02 1.523E-02 1.550E-0.
1219 9..u47F-JL 3.679t-01 1.76E-01 8.196F-02 3.654E-02 2.162F-C2 21.20a3-0'
15)24 1.ý43. 0,: 5.219-C-01 1.636E-01 L.C75L-01 4.733E-Oz 2-7.72L-02 2.835E-02

fth~li %0. itFL1~ NO. A
&2IRECT1IdNAL ,'ATN AEFLECT'&vCf- FROM C-.HULND TO ALTITUDE

ALTITUiJE Z..*I1H A4GLC OF PATH OF SIGHT (DEGREES)
MFTF-Rý J3 oc 1-15 1 V) 15)3

3135 7.2.'7.--i 1.703ý-t: 1.7o6F-') 1.13TtE-12 5.534F-C3 3.416F-03 3.36W.-03
0 10 1.,,3.:ýU1l .,.13 .(-,,)62L-62-22 2.355E-02 1.138a-02 7.014L-03 7.CC6. -0.
711, 3.963C-01 1.45SF.-01 6.31CF-02 3.9P71E-0Ž 1.696E-C2 1.166F-02 1.18O0-0ý

152'4 6.7d4F-n' .3l-j 1.144E-01 7.044E-02 3.303E2-02 1.989E-02 1.99p[-O?

F-1.!OHT NO% 1,1 F IL T,-% NGC. 5
UIRICCrIIJNL P~ATH l0FLFCTA'CI: F.ICM ORctONO TO ALIITUIE

ALIITU,,E V7,1TH AiGLL 3F PATH tF SI..;HI (DEGREE.S)
L'LT: RS 1,3 )5 0( 1 -5 120 150 IPC
505 2.048E-01 k.flOSC-11 4.433F-O? 2.77CE-02 1.277F-02 7.387E-03 7.0912-1',
Anf 7~'E0 .441L-)l 9.907F-Ce 6.04C0F-02 2.725'-02 1.553E-02 1.4721-07
114 1.26'}L )0 't.719F-'J1 1.711E-101 1.024E-01 4.'.769;-C2 2.478E-02 2.293~-0,

1211) 7.550C' 00 7.8cs~r-Cl 2.602F-01 1.&91F-01 6.334,:-02 3.449E-02 3.175 -0'
1524 4.819E 03 1.219r 0J. 3.6C4*2-Q1 2.0(21E-Cl B.?69*-02 4.440Z-02 4.0771-0'
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FLIGHT 92

Moonlight (approximately one and one-half days before the quarter moon). The flight pattern was from
Lop Buri to approximately 40 km west of Sing Buri. The terrain was flat (r;ver delta country) and cultivated

with rice paddies; and there were also small scattered settlements. This was the dry season (March)
when crops had been harvested, ground cove, had yellowed, rice paddies were dry, and the stubble was
being burned off. The atmosphere was free of clouds but hazy at the lower altitudes. Data were rccorded
from just after midnight, 0031 local time, until 0253. The moon phase angle was 700; the moon zenith an-
gle during sky radiance data-taking ranged from 740 to 540.

6
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FLIGHT NO.92 FILTER NO. i
-- AINC-w PTw~1TrIy,.-Pit X80p_.

ALI:1LLE tCjIN- UP-. -C - ALAR SCALAR SCOLOF FCALAP
(t'E1LIS) IC L LYOC. WE LIL N CG tiE~ CC IN1 L L I _C t~hELLIKaC IlIAL. £MCC

16/i 7.W4'-ý.5 6.166F-C6 .0e5 1,E41E-C4 2.271E-C! 2.Cktf-C4 Wi
47; 1.Illt-C'. 1.214E-CS .1(g 2.1eM-C' 4.CSZE-C! 3.21SL-C4 .144
U*0 1.35IL-''e 1.774k-C5 .13. 3.172-C4 t.C42i-(5 ?.f2lf-C4 .1E7

1Cf.t l.L33F-04 2.75E-C5 .236 2.7-4Ck-C4 to37E-Ct 3.57EF-C4 .3c!
1?76 2.175L-04 3.52CE-Ct .1t2 4.634E-C4 l.CSEF-C4 S.7?2f-C4 .237
17LI .C?i. -C/i 4o4kCg-C5 .147 t.2611-C4 1.?3Cf-C4 1.5S11C4 .212

FL' , hNC.S2 F~' C
IPACDIANCEIVV1IS-1c.P0.P CRC, t.)

ALTIILCE c(iIt- LP- -CLR SCALAR SCOLAP kCALA61
(A'ýTbPs) UELLING W.ELLING ._ALSeECC CCWNUIL.LINKC- LPWF-LLING ICIAL ALtEE(C

170 0.635ý-O5 g.C74F-C6 .IC5 2.065E-C/i 2.723E-C! 2.3!(E-(4 .1?1
472 1.22(:-C/i 1.71SE-CF_ _.141 2.245(-C4 5.44fl-CS 3.7fSE-C4 .16f
778 1S.4(I -Cd 2.264E-CS 14 31E-7TEC 4.3/ill-C/ .;C?

IC65 loC/if1-C,' 3.14CF-C5 .3CC ;.6?qf-CA S.76/iF-C! 3.61li-C4 .- 71
1381 1.9cSE-04 4.CSCE-CS . 2C4 4 tC6CE-6f 1.2g5[-C/i 5.EMC-L/i etf
1706 1.693L-04 /i.8SW-C5 .2E7 3.76SE-C/i- 1_.422f-C/i s.1'cF-C4 .17E

FLIGiTF NC.S2 FILUkR hC. 3
1PPAC)DNCE(WAT7S/SC.P'.lPIC.% P.)

ALTITUCE CCIIl.- LP- SCALAR SCALAR SCOLAP !CPLAT
(MCTRS)'F hIELLING W91.LINC ALW6C CrihNWELLING LPWELL1NG ICIAL AteElC

167 i.,ce3l-U' 2.2911F-C! -. 2;1 - 3.C_1_E-C4 e- 63611-f-5 ?.7C1-C'. .2C?

779 -2qC25L-04__ 3.7191-05, U14 _5.2tef-C4. _.Cf9f-C4 6.337E-C/i .2c?
IC614 1.996F-6/i 3.9(41-C5 .h6i 4,67-/ I.1i-56-C4 5.8161-C/i .24f
1377 2.536"0O4 5.d/iF-CS .1S5 t.seeE-C4 1.464E-C/i 7.45Ct-C/i .24!

- 1U10- KC.S7 _FLJIR hC.. 4-

ALIII~iC *C'O- k,1,- SC*IAP £C A L At .CgLi 'Cl?-
M(M14S1 bFLINd N LLINr AMC'rd rLkhNNLLINC LPWFLLINC lcitt IStECd

Ito8
467
779;
!,Lt
13?c
17C4

F L I6l'7 N C.92------ii- C
IRPAD IAKC1(WA71!l34.P.V1CRC P.)

AL11IT.,t C(N- LP- 5,C A L A SCALAR SCALAF SCAIAF
0-FIERS) bELLTK IN EhLLING ALeECC CCWKbIELLI.C LPIbELLING IEZAL ALPECI

171' L2C'7(-U4 1. 337F -C5 .1 1 1 _.illC1- C 4 4.Cfif-CS 3.517E-(4 .131
466 1 F I -(l4 1.9!EE-C5 .141 2.46CE-C4 5.9(c31-CS /i.C51E-C/i .171
7)1 1.477E-04i ?.575E-C5 .114 2.072F-C4 7.5'&E-CS 4.4efE-C/i *217

1lf3 1.40.~/'-04t 3.453E-Ct .2?3 ?.4s2E-C/i 1.ctcr-C/ 4.54?F-C/i .3CI
1376 Z.6-4 4.cf4F-Ct .173 5.45CC-C4 i.2431-C4 f.MF4-C/i .228
1e5I t:C,7 3171 -Cl 5.0CC-Ct .;222 '.dll-_C/ !.4!71-Ci 4.5308-C/i ;k:I

6488



FLICWT %C. S;
A2 JPLIFC-rF,4F CF 5ii- =t

IkECTIC? AL KEFL(CTANCE CF F rCK C-CLNK
ZE WIIH FLI ...

C .LE 1 .5 ?
93 .. . . . . .75.e. 3C 5 . . .t ..74CC
4;55 __ .4421C .62107 -. t5C2 s__ s* S 5~

12-----------125 .;21; .1f

L.... ..... *0CT 2__. ___f. .F7AE_ C .C• _...............120•t. . . . . . . 1^ 2S . . . . . . 12, f.. . .. . .. .. t ...... .

--- f ---------- o'f • .. .. .. . . l I V .. . .. . ---- --- --- . . . . --------"

180 .C4E21 .C,70 .C5S?7 oIC3-

FLIGHi NC. 92

j .. . . . .. . . . F~ t _ €S • . ......... ...............- ---- ---
.cUAIkC&LFI.CI'L 5v ........

DIREClICNAL VFUCIACT~rs CF FtCK(C iCLfsC
ZENITH 7 FL1E-S FJ_____EF___

ANGLE .

953

95 .258CC .3CIC .'&S'1 .31C2•

105 .12144 ,l1'4 ..... .. .13 C2E . .8!•2

1C7.,c1 .1C23e-

12F . 55 -- 1-89
w5ZIP'1 C FP -ATV C F S IC1 I-I IEC

ZEP4I 71 F1L1EfQS

53 .'7322 K2S'5 24 7 -.- !613J
95 _____.2etli .4"C cC4CE4 .'ECC?

IC5 MUS17 .562.,l 141

15 Cr,1 o0e~c2 .CW~7 .1?217

AIL1-rI' VAll- -Cf SIChl_ 2#
CIQ!C1 CNAL ------ANC C- --KG~C

ZENITH F I L-F R S . - .

ANGLCE- 2 5 ....... 4
93 .2i~ .3C135 .;1(25 *!C4s1

bC .11632 .1?9SC o1,217 :22417
105 .. C741,7 .114t4 o22C2 .114'2C

-12c- - .e8C .13 .C0Cei' -.-141.7-C
150 .:L381l *C5ecs *tCf~ .Cet42
18C .C/lp;. :C1707 .(!5E2C2r
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9DAYE IC965 FLI(+IT KC. CRCLtNE trvri ALlITLrr ( .). 24 ILF=1

ICTITCE AL SCAMTPIP' CC~FF!lClEh7 IPVR FrýYr~l
1I4EIERS) F I L T F 1.I

C 2.ME-C'. 1.7ESgz-C4 1.12CC-Cd, f.q7EEF-C5 I.M7E-C4
3c 2.71tc-C4 1.7E3F-C4 1.1;6&-C4 I.5EC .EfSI-C4
A-1 2.2CEL-C'. 1.777r-C4 1.122E-C4 4E.13fE-CS I.E63F-C4
91 i.2CCE-C4 i.771L-C4 1.1ThtE-C4 e.qCVE-C5 1.E56L-C4

1-22 .13 k- r 4 1 . e5 "-:C4 .ff! -C-C4 6 . e9'E-C5 l.85OEF-04
152 2.1EEL-C4 1.7ýir-C4 1.112f-C4 - .6621-C5 I.E44tC4

213 k.143E-C4 1.7fle-C4 1.1C.4t-C'A 6.41C .ECA6-C4
214 .1CM-Cd I.M?6-C4 1.CE!E-C4 f.134E-CS 1.77ti-C'.

27', t .Cd2L-C4 1.547t-C'. - .C45c-CA t.2CSt-C5 1.13;1-C'.
3C5 1.'gCf -C4 1.413E-(4 I.CCft-C4 ±~C-S 1t3-~

3?5 1.69CE-04 1.36eE-C4 E.9141-C! t.4S2E-CS I.cl.-S-C&
366-- 1. ý4kt-O4 Y1.4326:&----- -------C t.4 Ezi-l! 1.35ft-C'.
396 -1.516L-C'. 1.4f7&-C4 E.esC4I-CS t.73CE-Ct 1.31sf -C'.
4727 1 .6Cf 4 -C--- f.52YC;-C4 ---- I.C4ft7ff-C 1.35st-C4
4.57 1.671E-0'. 1.523E-C4 S.M27-C! 5.6111-C! 1.41'.-CA

le .'C-0 1 54r X~t -T .1TgrC5 - 1.44fE-C'.
518 1.673E-C'. 1.56SE-C'. 5356C 5.62EE-CS 1.4C4[-C'.

579 ].!)79F-04 1.449E-04 .5.4461-05 5.f17F-C5 1.27SE-C'.

-64C 1.555E-C'. --. 3S4k-C'. 9.Cls5z-c5 5.573f-CS 1.3eSE-C'.
67`1 f. 5f-64 1 ~T~4.rrr-6TC - -T.4CE-C4I
7C1 I.sfeE-C4 1.372F-C'. E.ES16-C! !.'.7'-CS 1.442E-C'.
732 1.-5SCE-C'. 1.3i0k-C'. C.Si71-cfr !.!796-C! 1.47!E-C'.
762 I.7C7t-C4 1.3!16-C'. I.6461-C! !.661-C 1.457F-C'.

'792 1.736E-C'. 1.?37ý-C4 !.61C .eteE-C5 1.3SEE-C'.

023 1.36FC-C'. 1.3441-C'4 - .63CE-C! 5?6226-C5 1.2431-C'.
S86. .611-C4 1.'.12E-L' E.ff51-CS 5'.646k-C 1.4211-C'.
M1 1.6171-C4 1.51?1-C'. E.f!71-CS !.f4ft-f! 1.421[-C4.

CY14 1.1572-C'. 1.591(-C'4 L.325-C! !.f40~-Cs 1.3C52-C'.

9475.51fC 1.4'LIE-CAcC S,!.d kfC5 1.2S4f1C4
1057 1.562-Ci'A '. 4 .6-4 927- 5.74EE.-C5 1.3E(1-C'.

1128 1.572E-C'. 1.?GIL-C'. S.3C7(-C5 5'. 4 3F- C 1.3576-C'.
1156 1.54s!-C4 I.36'.-C4 S.527E-C! 5.f586-cs 1.3611-C4
lI C6 1.5i1ýC-.4 !.9h' %~ C .5476-CS 1.341E-C'.
12197 I.5kc6-C' 1 .34 51 -CA. tS4 .?-C, f .541-ýCS 1.3635C-C'.
1- 1285 1.'e3r-C'. I .4111E-C S.'211 -CS 5.tE-CS I.3376-C4
126C 1.45?'.c'. 1 .361'4 f C .4t2-Ct ý..49e~fc! 1.145Y1C4
IE 31 .53l,ý-C4 I,0.3Sl-,z' .'f- .547E-C5 13451f-C'.
12'19 .1~ - -f-C'. 1.457Ct-C4 f.!4ilt-C! -- 1.E L -c-5 1.483E-C4

1726 1.45C6-C'. 1.3fSi-(' ý.Atl:-C! - .CI.qr-(5 1.4-466-C4

1631 1.51,,-C4 1.2ctv-C4 t.t4iSS1-C 1.6452-C'.

3155 _ I.6,i .--.. ' .253.-C4 S.&,- .EOF-C5 1.4i1E-C4
138 1.' ??r-C'. I.26.' t.tl'-fr'C I.C12t.-iC l.5731-C'

S161 .14-2. IIc?-' -C .6 1.021E-C'.
[1433.'S2 1. 1.6'-'.1LtCd 6T71C 1.!42i-Cd.

1463.66-4 1.C1 1.9ki:Cr-C C.Eltr-fs 1.f191-C'.

144 1.slft-04 I.49t-t I.r-' 6. f?":-C5 1.507i-C'

1824 1.4'17r-04 1.544--C4 7.et1W-C'. C.156-C!- 1.15?F-04

Ifis~ tA~ 4c1! -( 1 fii -C
LAST CAT'. c11 '7 I.S76 56

106-901.2.fC
17 .6EcF15F-4 I-I;(--c4 (Ep-V 15rrC



AL71ILCE - -ZU11IH ANCLE CF FA7V CF 10C-1 (LtC,"EFI)15 C
WE1IS 95 1 C- 1c, 12C c
,CS .76hi9?3 .47C74Ct t~E511CE .17ýscCs5 E16S243 .92t01,4 SU2442?
41iC .)(-.2;56 *2:454; .513SI~s .4197E19 *7Sc15 8 4 .E15c4ti .ESM!,

121S .C14ýP3c ."7Cq~tt 2'~1~.5 .7fz~i,'A .6CPl-Cr

FtiLI-i s. FIL -il ',C

ALTIILL, N: I I V M L C F rAI IF I' SIi t C Z 11
S~FR 5 )cc 1cý 12( 1, Vc

3 .3C31207 .547267A *13e9S24C *EI6?2E2 S(CZ54: s~l3~7 *4ff

914 *C64C417 .2L116C9 .44713EC *5f2736S .75tI3!t k.ct5C tC fEsr~Ct
1219 .;t~. 1 'L, .?4ý;' .A9ý?7M .E94I4S? .E c s- P 3I3

eFAPT' PANSI7P1 CF FRCV CPCLIK~ C 1CAT1IICE
ALT-ITLEE ZEKIII- PNCLE OF P-81I' OF sii(CEGQEEý)

PlElcps Icc 1512C 1t,2'
-----3-5 *.ý2?ý67 L, -C152 .e,243C~fC .c0C4175 SB~512if St2CM5 SV96C221

6I .3611924 v ý4 .4S 312k .7clI2CrS *1EI-f" PE4i241S s934c5 'A4C14
9-14 .ým174ý9298 .3615,462 -.6CCf 9 cc SS CS2tC FC374;f2 S9C21,';7 ýSt1I4f -

1219 *cqqeý?37 .2ý253t6 .ý cI - . 6 - i *6 114c 4 .792C5ES f7 . 15 .EESSISt
1524 .C6 C .1'2 4i .43IC1Ci7 .5I2s c Ie .7SCIE2( .1, 7rFt E k 6 fI ?c!

EFAIF 7RAbSIITlflCE FfCP' tPCUtSC 11 ALTliLCE
ALTIlLrE lEKNTI- .tNCI CF FP11- CF SICI-T trEL-v'lES)

PFtFt 43 r 12C ISEIC
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L IMKLjLTChAL PAi )- R E FL EC LAC E 1ACh -( KN k&E- A-kTI IU L E

ALTITILE MEIll-. ANCLE CF PATH CF S1GB-] (LEGREES)
-P II.3-. ---- ICC IC5 12C 15C c

3C5 5.77eE-CI 1.IFC .241E-cl k.C4tf-C2 -. 6615[-C? 1.4E52F-C? .?P-

914 '..2ClE Co l.51c35 CC 5.!7?t-C) 3.?kEE-Cl 1.4558-Cl e.'.llE-C2 4.Etlf-Cý
121.9 .-. 52.t-.-2.5471L..C -~.AEL - C',-I--2. 1SS5-C I .3C'tE-C2 E.597E-C
15,24 1.6?15 CI 3.seff CC 1.2C31 CC 6.SlCE-CI 2.c55cF-C1 1.i46E-Cl S.?2lE-C;

FLIGHT NC. 92 FILTER NC. A

ALTIILEE ZENIIi- ANCLE CF PATH- CF SIGPT (CEC-PSE)
PETERS J.- - - - IC __ iS t 5 ~

tic--
914

VI 24

FLIGH NC. S2 - FILTER KC.
CIRECIICNAL PATH- REFLECT.ANCE.FRCY CCLhC It ALiJILLE

ALTITUCE ZENITH- ANG-LE CF PA7h CF SIGhI (CFGAIkE!)
PETERS 1;3 S5 ICC ICS 12C 15C VC

3fps 1.C2CL CC 4.522E-01 I.5151-rj 1.1521-cl 5.cfeE-C; 2.2f66-C? .f-
tic 3.514E CC 1.22iE CC 4.2;f.F-U 2.S52'1-Cl I.CEE-Cl 4.6S3E1C2 3.4cIS-Ce
914 l.t49k C1 2.ýPCf Cl 7.5-EE-lI 4.444E-Cl 1.81SFE-C] 7.7CSE-C2 5.5101-C?

1219 2.E585 Cl t.214t C( 1.213- V( 7.CI!-fl 2.71555-Cl 1.143F-C1 E.e2?t-C;
1524 8.09~E Cl I.C72F Cl i.122- CC I.cl8t CC 4.C2!f-CI 1.638t-Cl 1.2258-Cl



AZIIPiI- CF FATI- CF SICIT = 7C
P110 -i -WC.- 92 FLI C

ALT7 11LCE ---- Ri1I-. ANGL6 OF PAWH OF SIGHT IMEPIES
PTIES 93 95 100 IC5 12c- 15f ecC
305 1.594f CC 6.52SE-01 2.459E-C1 1.Wi7t-Cl 5.SS11-C2 2.427E-C2 .4-C
61O 6.459E CC 0 .943 H C 2.41C 3.21-1 1.264E-Cl S.SCI&1-Ck 4ý426E-<2
1;14 225 Cl 4.TOCF CO 1616SF. CO 6.1471-Cl 2.2241-Cl 95.33e[C2 7.6fi11 6

1219 609299 01 9-.9.Q A -CC 2.S919.CCj~ ----- !t E-O1 3.313E-Cl 2.41!(-Cl 1.1251-4Cl
J524. 2.5C4E C? 2.241E CI 3.!30E CC I.CC CC 5.l5SE1C; 2.1leF-CI 1.6891-Cl

FLIGI-T NC. 52 FIIE K111 C.
CIiC'k~i-RFFLC-_CIANUC QUA GR C _RN . C -ALTIT-I YLE _.

ALTTILLE ZEh1ifh hNCLI FPh CF SIGF1i (Cr.GFES)
J'LiIERS --- 3-- 21 ---------- iCS --- -- ........k ..... . 2C IS A1c

3G5 1.130L CO 4.931E-Cl I.S5-4E-C1 1.156F-ýCl 4.6-45E-C2 2.C57f-C2 1.654E-C2
_c4..562E CO 1.533E CC _.5.147f-Cl 2.S161-Cl 1.149E-Cl 5.C67k-C2 4._CeEE-C,'

514 1.3321 Cl 3.3611 CC .5466-Cl 5.f661-Cl 1.SlE6-Cl E.!54E1-C? 6.6fIF-t2
1219 ------ 6tC CC .t7;[jCC J.C5SI-CI 2.917E-Cl 1.2501-Cl SýSl51-C;
11;214 l.CCF C2 1.293F Cl I .? CC 1215E CC 4.17EE-Cl 1.75'.1-C1 1.?fSE-4Cl

F110-FI NC. 52 FI[7!l KC.
CIPFCTICNAL PATF- RE FLFC~h-Ct FRP- LACULN IC AMITLUE

ALT17LCE ZiiNL,77- ANO-LE CF r-pl1 cr m1ti 'c-rEm
PCIERS _ 93 S 5 ICC 1(91 12C 15( IEC

305 6.l2Ef-01 2.SiHE-C1 1.2E51-Cl 7.S5;lE-C? 3'.451Z-C; 1.654E-2 138-C2
01O 1.7781 CC 7o4C7EC ~.-Cl -l1.7441-Cl 7.4!51-C? 3.5t4E-C2 2.S818-C?
514 F0531 CC 1.45 C M12t-(1l z.SESE-C] 1.252E-Cl 5.SiCC-C? diaeif-c;

1?19 E.469L 00 _2.47eEC C I 1.52F-U A.tli31-C) 1.E241-li t.5E2f-C2 t.sq7k-c?
15,24 1.Y12 1 C I .45 CC 1.1I5t CC 6. 5C .5rek-Cl 1.1i6f-Cl 9,331E-C;

FLICI-i NC. 52 4IL1'1 NC.
CIPECTICNAL PATl- REFLECltNCtFRCI- CPLINC.it ALT1lICE

ALrITICI ZZEN1TI-, ANC-LE CF PAIl- CF SID01i (CEGREFS)
IPt11.RS 9! S5 ICC 1(t 120 150 160

IC5

S14

I -?4

11101-I IC. 2 FlLlL'ý II?1-CICKAL PAIl- REFLqECTANCE FIIC1 (RCLl-CitAILA
ALT17LCE ZEKITI- ANeLt CFPICF SIC-I-i (C(0I'1)

'33Un 95 1 CC I(! 1;( 15'. 21
3C5 I.C71E CC 4.1IC .17E-iffc1 1.12Th-Cl 4.7651-C? 2.1551-C2 1. i6f-C,
'-LC ,.dL6L CC' 1.2301 CC _4.151F-Cl 2.4(7c-r1 ;.?IF(-C; 4o474[-C? 3.fClf-C,

14 .00~. Ci ;.7021 CC 7.7151-Cl 4.2(11 -Cl 1.067F-Cl 7.?CiE-C2 5.e,#C1-C2
Ie7 755t:? Cl 5.241F CC 1.271E CC 4.!tIF-C'l J.21C .C741-Cl .2-C

P:24 I.lt Cl 1.112': (I 2.1(5f CC 1.01-,L CC !.5(':-cl l.t33F-CI .21C



FLIGHT 93

Quarter moon. Data wcre gathered over the wooded terrain of the Khorat Plateau some 60 km east of
Khorat. There were very few artificial lights under the flight pattern. The terrai. -onsisted primarily of
dry rice paddies and deciduous trees. This was the dry season (March) and the vegetatior (tree leaves
and ground cover) had lost the green color of the wet season. The atmosphere was very hazy at low alti-
tudes. Some clouds at an undetermined altitude occasionally obscured the moon, Data-taking started
at 0111 local time and ended at 0334. The moon phase angle was 830; the moon zenith angle ranged from
77' at the start of sky radiance data-taking to 58' at the end.
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ALTIYU') E- %)N- u I'- SCALA,, SL.ALA:' SCALAR SCALAR
('iLT:.RS) W$11.4 IL LG L 1 4,, ALOLOO M'Lh'Jl.LLI.NG L,'mFLLING MCIAL ALBOL-0

2)7 35 -, I' I..)'.I3 -. ;6 .',4 7.436L-C5 I. C921 a.3 8.,2ta-0S .147
600 '.91.~ -uti ".793' -06 .112 1.1:,7,-04 1.936ý -05 1.360'-C'. .166
k94 7.4t0 1. 30.,I' -.. ,) .171, 1.9'441-04 4..18nl -W) 2.3661-.-C4 .215

121) 8.67(kL-)'l I .u7,.-35 .19r) Z.07),-.04.~ O3'- ?.577,-04. .243

18i, 1. 1J 2. --- 4 2..2 - I79di--O'. 10 -)').V1- 1.783, -CG4 .352

t L i H ~I FILI. - Z.W. 2
1Iý At PA~~ l/~.. FI .)

Al.r II UVE 'j'Av- ýn- pA ý' SCALA?' 5CALAR 5CALAN
(M.CTI:S) W(*LLIN(, 1,,FLLIN., AL. (119 DI 1W .' .LL IN6i IPWL LL IN. TCIAL AL3EDO

(116 5.533Ej-05 7.' ý-. It4 141 1. ' --3--04. 2.33gi-05 1 1,52(,,- 04 .182
l)99 3. 1 V')t:~ 1.1:9 ),:-j5 .1"' .!. Id P-04 5.II3;-Cý 2'.6001 -04 ?24%
123 g- *'-.14 3~-c -C Y43 03.9s-J4 6.34..-O0- 3. S67, -C4 .:ý17
153., 1.1.~-' bq:1 (Oq--'jt .2 5 11 -1- )I' a.fOP"-05 ;.67': -C4. .306
L4; .'.719 -,A5 3.6,2."'-". .412 2.117L-U'. 1.052,.-o4 3.169--04. .;.9f

f~l.I *HT Pfi. . Fillý NO~. 3

ALT! FUoE 'I.N- Y-SGALA4 NCALfix SCALAR -,CkLA',
Okatý"- hLING "--LVL4, Al.ý-fl;U DQWro.LhNG UPWELLING TGIAL AL8t:00

120? 1.263.L--4 .%:-U5 *.?31 3. 3W~-04 8.710'-r.5 4.2661 -,;4 .?59

L83--) 1.307'-')4'. .921,1-05 .300 ;.114z-04. 1.130.ý-t4 4.24'.'.-04 .363

K I 1MI '.0.91. FiLit-A 0~. 4

ALIT Iu WE l'- ar.ALIA . NALA.' SCALARl SCALAR
(MFT. lil ieLLTN,3 ~ LLING AliIDU~f NA,.)LLINGC UPWEdLLIN,3 7CTAL ALBEIV0

2 i9

90'

Li3
4

FLI HIi 411.9) FILl NO'~. i

kLTIIUU) L M .'- ";I- rCALA') SLALA.) SCALAR ';C.LAR
(MET"R.N) thLLLIN6 *.t-LI-INC ALIl00 MUONeZLIN. UPWRLL14C MCAL AL8ED0

?86 ',.',27c-!)~ *.P~t3, -06 iou, 1.104:.-ý4 1.9491-,;5 1. 504~'-C4 .149
2,7 I.O0-., 1.3."- .127 1.911 -L4 1. 130, -C'. 2.22,-:.04 .164
89? 6.,'9 3- 

0 .597t--36 .*1!)2 1.3)1-0f4 ?.713--jj 1.572,-04 . 09
12'3 1.735,-04 -1.482F-05 .143 4.123--04 7.775--05 4.901c-04. .1839
1534 1.-fl4,--4 7.176 -Ob .272 '.S~fE-O' 9.515f--0j5 3.809t.-04 .331
1 '17 1.346;-04 3 . 314t-0 5 .275 !.11'.041. 0 o 3.0,-.-,)4 4.29'.t0'. .336
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ALIMUTH OF PATh i ;I HI
D)IRE-CTIONAL vFFL' CI %NCE ý1 PACKGIKOUIvsP

A NGLE
93 8.4
95 .9126~3
101) 4ýU

I 2L *124.,b

150 0 ,91

I ~ L ti) c.77

AZIMUrh ý n S f I P'. = ICI93 .4P1 9

121- .09237
15C.- .0O654Z
18I0 *C6777

FLIHT Wo0 03
taLiPJJiI w3- PATH. Lf Sl~Hi

flIRILCTIONAL -EFLtCTAtCE CF BACKGrWUlýV

AN~GLE 12 3 4
93 .32751
95 .30095
10.1 ZZE~99
105 .16324
120 . 12433
1 ý,r) .0659C
ISO0 .06777

AZIMUTH OF WrV 't- SI'-HT *210
OIRIECfI'jNAL N-l.,CT.INCE IF iiACK-(CU'll)

WLI4TH UILT RS
ANGLE I 34

93 . 383q7

10 ', .9614

1203 .1 CI 14
1 50 .072/sý
1130 .06777
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E

PATE 31 )o'a -L ,,( T .- '. ,P t Lt;iV- Li V-L ALTITUOL I Fo.)= 226 IUP.I

ALTrI MUE rtvI .,L L..Ai II RIT., COZVf fIC1U (PsR tELTI :0)
IMEMrRS Flt 1: ,, 4

'It I. -o4, _ ,.•• -ul. 1. 3/5Sf-"4 3. OW r _ (5 P.o190,--04
:•..% .. '4 1: d -. 3- 1 ?',_- ,. 37' - 5 2.1,2,--04

61 ).o" - 4 .'.( A -04 1.31 t--.:4 ,..,4.-15 . 175'--04
9i1 ,.41"1, - ,4 '.07?- -04 1.311.:-,04 2..7',--0• .16H--04

12, ' 1 -0-4 ,.1 *. -9' 1.307,-1. ,.;4L•- 0. ?. b1, -04
I -. .' - 4 .05,"-S 1.3C3•-"4 -.'lI.-r 2.153,-04t 13 ". - 4 C,.)lI -"4 1 .2',' -) .,. - .146' -04

2B -4'. 7 - " ).f•44.-04 1.,;4 -•'4 3.'-- 3.4.1391-D4
/44 :-. " -1 ' 0 '.7:7 -64 1.2"C -- ;21 4.",Ai -8. 4.1 132,--,4
;74 .4" - 4 A .3 1 - :4 1.2' 5,-':4 I.40',,-, b ?.1251-04

'05 /.4 z -4 ,. .4 -r,'4 1.2"l -)4 1. 71 ,-2) 11, Llb-04
. 3-2 -14 1.9(0,-04 1.Uhi1 -04 5.349 - ).0Q91-04

,66 •.2.1 -'4 ).91? , 14 1 ?5b,-3S 4.239t- , .,.17,.-04
,L. -. 4 °.9n1 -4 ,',23 ,t - 4 " Ih-t () 12.-04

4- 7 *-- 11 -l:i, - I -)4 7.;.93--. 2. ^f -o4
1.57 7.4?, -'4 '.? - . -44 7. •4-- 924.,-04
-_,,up, /.4-2j--- .01,2 -'4 1.2?4 _-04 ' 7.7o _-d5 .. 6405 -04
,18 2,.531_- j . -1,-04 1.313,--14 7.f 33' -. 5 2.067,-04

.. - ". ).11I -,'4 1.339f -f4 .. '166- , 2.113.:-1. 4
79 21.(. 2 .1-, .1 i4 -". ? l.2L -)4 . 1341--. 2. 132 -04---- ..... ------ ..... .. _Sl -l. ]17 -t;1 1..loii-ý,* 13I.32 L-Cý '. 167L-04

640 ,?Y*"- -' ... ' -4- 14 432 L-%.-04 5 2. 10F 5--04
97. .., _4 -1.1* 4 "-,,1 1.31,-_Q04 v.412.- ;t 2 4 _11l--(4

51' 2- 3.12 -,) .L. -A4 1. 3?*.--04 ,3'. IV', -t, 2.2521-04
- .---- - .-- -'-,4 .1., -44 1.37ol--04 2.-#4319 -C. , 2.267t-04

i 'U.. Z.4e.' -' . .71 3 -' 4 1.33I7 -1.4 e.-3 ',3:-L" 2.169L-04
- ...... . .-_ - .. ! -I 4 f.3, _-cA4 h.6t1.-05 2.0T51-04
1 !"'3 2.. i 1 -.- 4 . -, - 4 L.311 -)4 :-. 141 -1?, 2.0 ,4,--04
i_ . Z.. 2!). - ". . ".Q -,4 L. 3�.r7 -04 .,.4.i6s-- .G 2.06l.-04

£21, '.43O - I' ,.1) .-.-,4 1.3.•22-'4 5.734' -('•5 2.0214--0

,#4 4. I ,-- .. -ol4 1.264j -04 U. fit).-,;5 2.104-1'4
•4S 2.34'4 -04 1'. ! -',4 1.256 -04 1.'-5- 2.09177-04

97 2...174,- -14 ).' - .4 . 31.4 -04 8.4 14L-, n 2.11 O)-01
1016 . 37.3, -)4 1.91,),-)4 1. )4-f4 s.40?L-,:'1 ?1,52-04
1.036 '.91 -t.4 ;.14.--4 1.432o '-4 7.'7 8 Lq.-05 2?.U18-04
1 ,.4., -", -. 13 -,4 1.33?1- .4 e.393-05 2.165F-04
I337 2. >1 -_04 1.7 -04 1.31L.- 4 3. tx38-05 2.2MC.-042."' .5 07 .- ,)4 '.),M' - 4 1. 3 •-)4 8.412f.-C5 2. ?08•.-04

?1, *.)13. -,4 1.Lo -04 1.321'-4.' •4 2t.,*-"i 2.2.18L-04
14'94 ".JLC -. 4 -'.1"., -,,4 1.414-- '4 ,.12;.- ' 2.214"-04
1' Iv.45S - )4 :. 1. . .-3:4 1.3,' --. 4 S.7 41 -',5 ?.294--'-04

i>.4 - 4 .14, -:)4 1.34.7 --. 4 ,.42qc- . 2. 199--C,.4
2.5(4 - .4 .'j'-4 .- (,4 1.416 -. ,4 o.447.--J5 2.177t-04Lit•ll ? .'-, -,4 -s5'-3 -J 4 1.47 .. .- =.M1 - 5 2.137E--04

1341i 1, -q4 1.9'7) .- G4 1.414 -:4 ".J3?t-ý 5 ý,,1351-04
1 7 .4 1,, -,4 .. 1 45--j4 1.455 - '" 7. 97 1-'5 1.059t-04
41. 14 -, - 1.924;-04 1.384r.-'4 5.7 01-111 o. O.'-04

44"7 2-171. - )4 1.943'--4 1.32.-Y- )4 1.146--. .. O'19.-041464 ;."13"* L- '4 37-:, -04. ). 7,-, .:. 01'-.i .O ._'.-C4
S1494 . .1' - i, L .'7',.-'4 1.34-- 4 1.'/.,; -. ' . -
I 1'1 ..') -14- 1, -'34 1.3'`2 -,4 7.W.-'--"S 2.U- -04!'_,54 1.•." -0 .. "-4 1 7 - 4 1.903, - 4 L.';9 ,-4

85 ' 4S k. 9l1t -,4 l'q .- 4 1. -4 4-.,4 1. '7w"-,) L.997; -.-4L i!) 1. I -,9;) I. ;--,4 1.31 ?_-L4 r.' NO,- IJ -. 0t,5c-,. 4tc,76 - 4', 10 1 '. -)4 t1443:n -4 1.7 14- :) 1. 9ý1e-,.

Lo.S 2. M 1. 4 ,0, 4-4 7..1,- 'I 1.91P,41 1• 17 311• -,, .;" -04 1 . 3kof- 1. 7712:.- c 1. )62;.-(,4
t11.7 •, -4 /.04,.,-,,4 1. 31Rf-04 7. 746t'-.5, 1. 9)9L--,4
1741a . "-• 1'D,-1)4 1. 343i:-a4 17.'20, -. 5 /,. 091"-!4
L7"') 1 /.•9-K4 L .3t611 -94 1. 350t:- '4 "V.6(95-- 'I' ?.. GI 1 ý-04
jd ̀ 4 -1. Lb" -- ,• 1.753 -04 1.3451'-44 "7. fbgt -L." ý.G(16L-%)I

tIRST DA")TA ALI. 11 1tt?1•I

LAST VATA ALT. 1 ,, ,a "61
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F it IHIH 'd. 93 FILTIR 140. 1
AM TRANSMI T1A'NC- P-ROlM GROUND TO ALTITUUE

ALT I fu.'L ?-1 ITH AN'LE 01- PATH oF SIGHT (IFC-'FkS)
v-T -0•' S• q 1, 11:0 1t 120] 1 0 110

I)5 123",123 *7.AP52 .6489970, .74;21)3 .8605826 .9169544 .9276759
')O .1 : I,' 5J1 .1431J40 .426W'4, .)bb46*,3 3 .743897; R8429812 .8624941
",'4 W. 1 u' -5 78597d .2f89944 .4.461i49 .6413851 .7741684 .8011771

J2 r 1 i'I, .0" B1474. .1•• l1777q .318b7?O .5531479 .II04432 .743739-
1 .?4 *,, o31 .Q147739 .1?6.57 4 . 4loI3% .479'j474 .6543050 .6925658

L.! 'I J .. ( tL3 -ILI ,
~'r4'.St[( . -i]r iM 3 At 1ITUtJ:

ALT|I ftU / 'I1 H A'-,. !;F '.IH HI+ SIhl (tIGt :.1%)
"I T'Pý .3 1 f1t1'~i 120 15) 180

I,5 .21 .4323 .4 fo(')- .t, .7u,8'.C .7.478'O .882100 5 .9303! 6 .9392-)21
ilo . )s9o.zoi .240J9 '. . 6 ,4 .!)1St149 .7796209 .8662499 .8030747
)14 ,k 372 ' 7- .1122251 .13.6 '45 .47•17671 .6829991 .d024213 .8264376

1219 .*0OG2i47 . (),2n4-, 4 . ! . 1 )9 .371",551 .5991680 .7439909 .7740594
. 01744 .025?467 1 -" 6'lx, .2 ?35167 -530183t, .6032623 .728137,

FL! ,Hf 'N0. 93 IL u,' 'Pu.
,,:iAM TRANSYMT[A',4CF FRgm [". .I, AI.TITUoE

A-ItIUi F Z.7-1TH A';i.L. 'IF i.'.Th ;F SIIHT ({)EG11-tz)
:,.1:'3 N- 1)f) 'CS 120 1!,c 1 0

11'5 .46-,9/7 .634059P 1)55E61 7,177654 .9236534 .9551831 .9610'o89
. Iu .. 4?51 0,.1,770 , 04961i3 7 e 73•, .8540741, .9129544 .9241616
'114 .395,0113 .2.726647 ..J, _'133",) .6292316 .786786C, .8707086 e8I70096

1?19 .k14-9'- .1282)6 * 3c466i .5375595 .7257012 .8306837 .8515874
L "i..4 -')l 731•4 .01795993 .113992 .457:•420 .6.h7;03t .791.5168 .81-,.C?6

FL' h .. riLI ,' 0. 4
"PLAM TRA wfiTTA-,-" HC'.: 1I'1-.; I ALTI U,.M

AL1.71U' N? I f HI Ali 1: it- i''. IH -F SI.,HT f0EG'.ElC)

605 .0621,51 .74,37,9 . 46 12,)o 4 05;o4 .949397z .9704643 .974370W
, -,0 o 74,l-. - 5601',):0 7 7"i 7ý& .3-22637t .903'?CIC .9433359 .9507371
,l'' .2222761 .41 L281 2 ..u IJ 4;4 .7-%16392 .8°79711 .9153568 .9262673

0 i219 ,13062'o .3078045 .5ý35-41 .6724A05 .8143300 .8881792 .9024024
15,4 .0r77 "'i .?31577f, .479U. 74 .. 110340 .7749?43 .8631054 tI802979

FtI. 1 Hi 0. " FTLIL, ,. 5
AM ,tAN•ISTTANCL FRVP *'500"4- TC; ALTITU.e

ALT ITU ; -"';13H A'1',1.F O•F PATIH IF %IGHT (t)r;-'.5)
r-'F,=. , 9,, "31, t1 12', ISO; 190

3015 .. !U21341 .4709001 *6, 52.22-3 .7 0391•3 .876776( .92700L0 .9364700
n1 ; .i.819 14' • .2,287629 V4769461 .6085230 ?73274, .86204l3a .8793602
114 .0223-73 .10815378 .3 )'O•.64 .4134:03 .6790327 .7997275 .824930&,

121"/ .0051I71 .0300295 .2/4174e) .3666344 .5949235 74,,9435 .771312q
1. '4 00 54t,7 .0,45164 *1 '4,42 . 52'A29 .5239185 .6895205 .723372-
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AtIIDUTH- OF i'AT14 -t St ;HT
FL113HT NO. 91 'il it*. 1

PATH RAI) IANCý 'FROM 0,1LUUIX I J At T ITUQI fWATfS~~~S. "Ll~ 1-,.)
ALT! I I IE ZýNITH AN;i1- of *)ATl OF SIGHT )~i~~

MJTLRý 93 t.1 1' 1 2, 1.0

.'14 ;.231)1`-Th 1,445' -Jr, 1.44'-I3.5 9.555k--06 3.728t -06 1.265- -06 9.124IL-01

FLI 'HI ýO. ~3i-ILr ' ,O. 2
'4TH A.)1IANCr F,tH'% T''II ALfITU*2( WATrSISTF9.Sl..!' X!LRC -. 1

ALT! I IU E L vI rh A'.2-L. OiF PATH CA- SbHT (0EGR~i: ))
'1 )'0,;C 1C51?.5%1 '

) .9134t-lfh 6.66tw -it, 3.4753-06 2.158Pt-06 8.0d.OEl-07 ?.929L-07 2.246t -07
,.J 1. 7n,71-), 1.3 11V -0 5 7.3 i3c-06 4.74J:-0o I.dt?7-06 6.442'-07 4.89't -07

:1.t 3. b 14, -1) .7? 5 1.S 1,'t- .029L-05 3.931c-06 1.2981 -06 9.278.-07
1?11) 1. 79%. - 315 4. t)4 -0,, 2. 751 -l-i" 1.815iE-05 7.OC3! -J6 7.242'-C6 1.551-0.
1-/4 6 7,,7E*- 05 11..bSV -U', .3.678&-'- 2.50lb-05 1.U03':-';5 2.253-06 2. 23YV -06

FLVIH1 .9. 9j3 FILI- XU. 3

ALTITUI,'E I 0~1H, 1' L' .-F PATH ijZ 3111HT (UFGIFFý2.
Pz:TcRS ;j!r,10"1 12.-

105----I. 0-43-0 1.j3 1 ).0' 41'-,)o 3.029C-06 1.6CLC-06 3.?79-07 2.33u1k-Il

L le19 6.53&F-01, 4. 79 3-'-, j .6771 -05 1.6971.-0to c.176'ý-06 1.867'-(16 1.266 -at
i5Z.4 6.741F.-05 1.5.3.a' - 3.379L-0, Z.218L-05 8.469L-C6 2.630r-06 1.7771-01

FLIjHT 10O. 9>3 FILT'ý,l d... 4
"4ATH tALIIANCel F.,WM ;R'IJhC T11 ALTlTU0E-(WATTSISTL-ý.S.'..I' MI~cG M.)

ALTIWIU' ZI:N11H A'Nr;L1 (IF PATH OF SIGHT (('LGREEF$)
voT.R 11 10 5 121 15ý)

i.50

Y14
1210

FLI'.HT '4C. 913 FILTr.ý-: 'L. 5
OATH nAD1ANCF FatMl r'0UNl N' ALT ITUCfl(WA fTS/bTF,. sl.p' VllcRc 10.)

ALT! gUil Z' '.1H AN.,LI OF PATH lir A,';HI T G.~
Wjlt 31 9" 100) 1"5?)1'*

1,15 1. i91 .- j'. 1.2131 --T. 6.71SI:06 4.12ve-06 1.461L-06 4.449. -C7 3.125Z-V
11 '3 ,26h61t'h ?.434;:i' 1.316E-05 8,7b9i-06 3.18OE-06 9.708,-,17? 6.764,'-07
)14'. ''~2- 2. 53 '' '~.) 1.705iý-05 I .'04P-05 4.4 9 8C04 1.463'-06 1.0471:-6

I',-'4 7.737L-05. 6. 4 511 - j 4.1620-U'i 2.h32F-05 1.129r-Cs 3.625,--06 2. 510C:- ,6
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'IQ jk'If t,1 PAT Vl 'F ".[bHT = -
Fl~~~ . l 4. 2lit rý j

,'ATIh 'A14r.L: 1-•.; ,,:U I' T', At TI TU'I. it A 1 ST . .SI..b ST S PI1,' P. I
ALT I iU,' i'•lý iH A ' " IF P'1fh ',T '[LHT (11. F ilL'

i5 '.. Oo -t- 1. 2 - O( 1. 4. O -- I. ,.j '-t, ).675; -01 ?.746 -07 2.259F-07
11 7.,)o " -06 '.9/1. -,)o o '..- 7 2."49.-.)t, l.tI 1-06 5.969 -07 4.8681-07

'i4 ].)31 I-,•' ..Oulrt-u9 6.'090 -Vi, 4.1,111 -W, 2. 4 b5r-06 1.138 -06 9. 1211(-07
S'19 I.' 9..-0 1.1-5ý-l 9.18 7' -"A, 7.3?? -1)6 J. ? --Cb 1.8t47 -06 1.47P' -06

I ' I.q4! -0', 1.' -'V 1.3;,- -. 1. 0) '.453.-C6 7.684 -06 2.134 -J6

r'')1 '&'IA';- I";;r' ; ,m .o v Tu ALTITU, LWIATTS/iTti .'. , P.3 ,:,I . 1
ALI 1 1,k 'd 1H AN ,•OI - F 'ATH ,I.kHf WL( f,1L .)

SI's or I '0.," s7 I?1" 1 C'
" S. 1q3*--u ..5 -J., 1.1 ,.e-;4' 1.?)7- ,-06 3.,1461 -07 2.7'5.-,,7 2. ?4(-('_

30 e.14V -,. ,. ; 6i-':4 3.k3 -, '. 2.6ý.,'.-06 1 .258t--06 4),995--07 4.863, -07
Q14 1.3'--- L. , - , - 6. 9 V. -(o 4.91 t, -('6 Z.426, -0 1.158'-C6 9.278.-C7

I f ) I.0 )..-- ., 1.' 1. -- 1 7. ,-i-r-.'•_-46 1O5b -06 t.945 -06 1.551]-06
14 ..132,- - o iii.- 1, 1.1111 -. , 1. 5'*4; -o5 5.664 -06 2.r03 -(;6 2.?3eL-06

itI hi .. I iL f .
iATH A3! 'a F F .;v *ii3 " AL I* TL;,:TUY (AA ITS/ST, P.• 0 '.3 P'I k.j P.)

4LTI UE /I U EP A I.-l -F JA I., if ',11'HT [DEG'FFS)
PL f, R, I 1 h . 12, 15, i. i

1", 1'u IL-) . 4- , i9'-1 1. 2 F." -'16 5.878~-07 2.6~32r-0)7 2.3l38t -07
.,tO .34')L--,, 5 .0') -- . .".1.--* 2.3.>"1 -I(L 1.125 -ct 5..4 ', -C7 4.1-13'-07
1t4 I.pi6L-3, 9.573 -'9. ,.').", -96 4.W'1-l1( 1.979L- b 9.553 -- 07 7.7501 -07

1/'1 1o .?4.-t' i.44 '-, 6. I 59-" 6.533,.-,t 3.2o0' -r 1.576'-06 1.26o.--06
1 ,4 .. 10.U- ., 1.77 , -o9 l,11--in J.'12.V -O0 '.5,3. -Oc 2.220 -- o6 1.777' -06

At

LV T ,t. 4I f ' ,C. 4
'.,lrI .,1A•1•._ i: "Ohi 4;-Pa P', AI TITU1 '.0%AT S/STr',S,;.F P!ICC'. *.l

9 14 ~ 12 ±2 1 1

,'to

It-l

FLI., F "0. f I 111 ,: . . 5
" "Tt. A ItA".... V'T ,4 -'• r.I Tt ALTITUm -IkAT 19S 1i, . '.. j , I ' *;

AL [T1U C /'V I lI I L. -, , ' : 't IHi .F l';H t (';h ,' •'. •}

. /", 7. ý,I0E- 4 2.17"•-'o . 13,-' I. l(,•.-' -1 o. 61Oi 3.909 -C7 3.125--07
U(, 1.l13'". A ,.917 -1'2, ,.:,21-•-3' 3.,17' -16 1.,,.")7. -Ca 0.442, 7 6.764' -07

1 "4 1.X .-.. 1 .':.) ,1 - ,, 7.'•6',-- = .i.44 ih-06 ,'731 :-0C 1.30i -(16 1.047,--06
123') t 91'•.- ." 1. " - 2fI. ;.'-' 5 .. 44'--,.6 4. Af, r-0 .C91 - 6 1.c,90--06

• t. :.4.;-' '•.13".•-. , 1.•, - ' s1. ."-' 5 6..7,r-C6 3.143 -06 2.,,30.-06
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t. IIU.! Il1- PýIv, 'r s Hi HT
FLI,4 "H FILT -. X. I

'ATH 'AidlA*4CL F"'. rV. , AtL IIrU *:P.A1rS/ST-- t.3C.V ?'1C'(C 1
ALTltu TU Ldt H ' 1 .'f ,Afl, .1 '3 1 ýflI ( OE 1;L I\ý)

tAFTI.' i 1(t.Ij,) 120 1', Plo
> J)5 4.~.3.(6 ~ ), 1.061-c 1.8'3!--n6 5.1,28E~-07 2.77oi'-07 2.259f-07
..In 6. f)l i"). 3ý3' -. '6 3. 43C. ,'. 2. 4 3

9c-3
6  

1.211,4-06 5.989,,-07 4. e68-07

;14 1.'~O .77 1. -)- -'.ý c-')o 4 .4C IL -,,6 ;'.2 ,I t- 06 1.125.-06 9. 126' -07
1219 1 .3,2 C-0'I5 1.19,--J, '"-1.-"C) 6.684t--,,6 3.635k--06 1.815.-06 1.472ý -06
1:)2 1 1.1))1 -, 1 . U,3t.-W) 9.00'7 -06 5. 159L-O.. 2.627'-06 2. 134t-06

ELICHi ;V. 935 rlLi Y- ')
PATh :AaIlA;%CF FR P. lrI\r, ', ALTJTU..F 1wTTS/STr'-".'!- I'14.

0
C l.)

ALT I I t F Z \11H AN;L.: i,4 P-ATH !IF .ilt'Hl (G26"LIi)
"M"'R'3 9)1c1 5 12, 151)11

,o5 4. ';63E-06 a.151f -06 1.7 flL-06 1 .19 5 -.-. 6 5,671,-07 2.770r-07 2.246,-C#7
,10 7. 181F-')6 )7'~"U' Z' -'Ž5 ?.

4
6

3
ý-16 1.223 -f 6 6.030)--07 4,865, -07

114, 1. 1121.-U5 9. 12ot -'Jb6 - 11%1-l'. 4.472t -06 2. 370--016 1.1481-06 9.278.z-07

1 234 1 . !IZ.L-Q 1.63o!1 -VI) 1.?33t-5 9.,]C )-06 5.446: -06 4?,762,J-06 2.238. -Ct.

FLICHT 1,0. 113 FILTI:. ';0. 3
"iTl AdA 4CC FIUM 1.RfOUNC Aic T1TTOF(WATTS/STi-.' .St,..- i'IZ4C '

ALT! IWI'E Z-,.1 I[H ANGE.L I: F 'All' I .. cHrt, (.c), I-',

lIj IV .. 214 L-6 .35 7 - 11 1 .8 L9Iý7- 1 1 .2 2 3 --0(6 . e 3 5,- 07 2.836---0? 2. 338t:-07

,)14 1 . 1 t ,5:)4 '--(,6 ). 3Q3,-to 3.839L-96 1.944. -- , 9.497. -07 7.754L-07
11I1-' 1.116 .- ~ 1.25?"-uot z.3.'14,--.6 6.0 f I -o6 ý.16?:--06 1.559-06 1.266ý-06

1:)c'4 1. 11.4 "10.-5 1.f( >1 F!L0t 8~.04c3 4.4G-6 213.0 .7

P1.4TH ýýAv I ANCF. FRC.4 r;.Ou'J Tf. AL TI TUI ( ATTS/ST.":..5.~. m Ill.; .0 '.
ALT! (U 'E Z' 11TH AP4GL. 10 P4TH fIA- SZl.HT (JIEGQý.S)

"-R. 3 1.10 iC 12' 150 8

1714

FL!IbHT NO. 13 FILTF4 'IC. 5
"AFH .*ADIANCE FROP r~olJl!! Tý,~ ALTlT tj'(%ATfS/SM'.,..? '41tlP', V.)

ALT I T 'L- Z.:lI r, I A I. &L. 'F 1'ATh " F S l(HT 1(,'-I,.Fl- 0

li1) 'j. ;97C -'J.. 7.846..-Oh ~.01 )1 -06 3.571t--06 1. 7I91ý-06 8.539E-07 6.76'ý '-07

119 1 6ot.'.5-O I 4?lr-5j5 I..?at- .., 7:8641-06. 4.3441--06 2. 148E-06 1.690E-06
1024 2.0676-35 1.847L-05 1.4C 1.'-v5 I .1C1ll-05 6. 316f.-06 3.1956-06 2.530E-06
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AI t4tTP+ 1,1 P i'h I I 31,I Al I1
IL I ,II '. I*tI I10 e I

3(h ' 4 . I )' i: r, I AL I IU U , (WA r rS/fSTT--. ,'. I•IA.r Y.
ALIIIU L Z' '.1•h A:.,I F PA Irl ,l I '[',HT (IDEGC-Lt- S)

" "* -- 1 1.3 '1 -"6 1.", 1 - 1.?6t---,)6 .703L-CI 2.730' -07 2.259--07
,to . I.' 3 -00 1o . 1 -16 2. -53L- lb 1.21?L-,6 0.88 0 c- 0 7 4. 868t -C7
J14 1.,74- - ").0 4 -t", .. 3'5.'- S 4. 59 4L-06 .- ?701 -06 1.107 -u6 9. 12P, -0I1

1.1' .,,-,,, -,'. '1o' 't- ,t4 1 h'",-" ,.631. -Cu 1.789 -06 1.47?7-06
1' 4 t.),'- ,., -. 1..'..-.. 9.•,' -4t. 1,.134'-C6 o.5,6 -06 2. 134'_-C6

-)%n, 40'lI .A .. I ", ,,• ,' it At. 1TITU I- :(WArTS/STf 1, 1.,, '. 1
ALTIt I / FIm A A II: I'F PATN .,F ,IGHT (;-G,•,f.1

k:-T HS 13 4, 1 ), I ) j 121) 1 "k, I C)
, , ,1 '. -0j. 3.4,3.of -,.1, I.F''),-',-6 1 . 14, - ý16 5.(,71 -(G7 2.7t7 -07 42.2W6 -G/

it) 7.',?,7 -1- • .,7,- 3.71 1, -'*6 2.o6,-I -NI. 1.'11 - " .81'9.-07 4.e6 . -C7
1I* 2.24o. - 1.') '". - .1A, °,4.-3,,L .6°?1' -41 '.'' -')6 1. 125t-C6 9.278--07

l '1 1.74) -.. I.',,-,. 1.u'6'.- 4) 7.Z62- .7.69 -L,6 I.P77' -06 1.5511--06
I •'' . .G•3/ -. , 1. .1 - - 1.3(.U-' • o9.9•,7' -U6 .).109 -(.L 2..699 -C6 2.23. -ub

FLI 14, -G. "3 iILl' , .
I \1I A- IA".\, 1: J' , T AL IITUt.I(dd TTSIST- z.S :.- w1Cc.L &.)

AL I : I I,'[ H A.+L' IF 0,T ,I , T {,1 11 , ,'1t-0 t
P' 1 0.• ,•I " 12 l l ,

,' 1.13-',*- 4.5,c-3 '.5 -4 1.566 -36 6'.7.-4 -"7 2.93') -07 2.33' .r-07

- 6 7.'1'4 P-' ... ,2b-t6 7. 181.:-1',b 1.253 -06 1..19. -C7 4.51 )1 -07
,t' 1.•1 ,'1"11 1.('1+l7,-.-,)5 2,. h l- Go 4.3541• -06 /. :,,-06 "1.549,--C'7 7. 754--07

l.l 1. '4 - . 1.444 - ), 1..-'- F. 12'-' 6 3.731 -C6 1.548 -36 1.266--06
1.",' :.,'9)- 1.7,'1.-' ' 1.4. 4!--" u.716.-Ot 4.454- -Ou :.171_-Ob 1.771--0b

tLti-f \U. )I 1111 .L. 4
,,Wl1: 'A,1['4CL. F-,IP .,'IU'.' 1; ALTITUU I'.)TTS/ST'.S .°It 1IL'0 *.)

ALT I *. V EZi'41iH A3 Ll.' OF PATN 'F S1 ,HT ( )EiRL' )
.,-T 3•+ 1. ' 0 ',,") 12- 15: 1+0

.*14

F-L 1, HT G]. U.,ILT + 't'

O'TH VIA: L.' F":M WU J., ': ALlI TUL• ATI( /ST'. W .S .. . I.'.I"I. I'.)
I T O E i .,IIH ,AI I L ',F ;"ATH ý,F It•.H T (1-1"1 -
".I+ R . I- + ,I+3 ' I "- 12 1 1'"I +

7,. .'-Vo .672.-, .'1- 1. 1;2 -'6 d. ,?8 -0: ".871 -07 3.112',--0(7
.,10 1. o ,. to ".376-, ",.21•-,6 3. Al -36 1. 134,-00 1H.303 -0. 6.764. -07
?14 1.17-.' 1.93).-'. . 149.-' 1).073' -06 2.57 7-06, 1.274,-06 1.047. -Oo

tl1 1.7'.-6 -", 1.Ile - 1. 3.'- ' 1.715 - 6 4.ý3'6 -cL '.145, -'6b .'q ,-ft

I ,+ ?."' ,-- ',; 1.9, -'i, l.". -' 4 1..Ct4 % ,.9 1" -116 3.4,52 -06 2.633.-06
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FLL.,HT 40. '13 FILTcR NC. I
!)IRECTI('NAL PATH *,k i- CTýI -CC- FROM ý,NI'UNI) TO AL ri 1U')L-

ALTITU)E I. %II1H AM.,Lt 1 PATH IF SIGHT .- tN
14L W )31) 105 12.) 150 1 i

-10 2.30. 01 5.";79- 1.408z CC0 6.91.4(-)l 2.084E-01 6.732E1-02 !).0121-O'
)14 ?.215- 0? ý.7! 1 '..6121- 00 1.Qqpl* 0C 5.156c-01 1.451t-01 1.012t-01

1219 1.299E 03 J. I ,.! ; .~, 1 1 4.245 -10 9.902t-O' .'.6W04-1 1.757F-01
Il)4 7.7o C3 ".07l 3.' 127?7L 01 7.7o~c 00 1.652c CIO 4.13sr;01, 2.736.-O1

O1ft1CTICONAL .'Aii 10LrLCI A'CE I-aGX 0uR0UNI, TO. ALTTIUDE
ALTI IUPE 1.1,11 iN ANA'. OF PAuTH tr- SIN;) U(011G0t:L:)

u'LVR S 1)3 -') 0 1 -1 12) l5'ie~

.hUf 1.55,ic 0 1 4.Ze 2 JO ) 1.1 II.- 11. 6.0lo- u'L0 1.4I)OL-.Ol :. ,4O-lr?) 4.32u -0
)14 1.011i J, 1.993'- !1 i.719t v , 1.6881, 00 4.5319t-01 L.270t:01 8.810 -(,,
aig 7.M`7: 0.' 6.746E D I 9.443E CJ 3.b34-7 OC 9.178E~-01 2.366t-0Ol I.1.;73ý-O0!

1 ý2',4148l , j7i2 . '0 1.4C5L GO 3.6851-01 2.410,-01)

F L I )A. 10. * ~ FILkI- NC. 3
;.I:12CTIGNAL PATH REFLECTA.,CC F'1CM GRLkU'J') TCý Ail ITUI)F

ALTITUt~k LINI1TH A'd(,LE OF PýTH !F 31IMT (NEI6IFLb)
MET. Ks' 93 ld' Io 1 12. 15) 1,10

'k ~ ,1Q 1.0.to- 013 4. 1lt 1 2.i7')[-01 7.3J4Z-0,2 Z?.zlj-02 1.1,701-0,
1,10 6.-5)C- 0i ?.434ý- tC 8.450--o1 4.t)'8L--01 1.433F-01 4.394E1-02 4.1491-3

1210 1.n~lt: 1 .9-)4f ).1 4.357E 00 2.017.: 00 5i.496t:-C1 1.45W0~-1 9.)93, -a;
t1p'4 ?.504E 02 3.628, 01 6.9984 01i 3.129. 0C 8.19~41-01 2.144L-C1 1.4104-0'

I-LI hi 1u. )3 FILTtA NO. 4
',I*!C,1f`INAL VATH R-EFLCCTA'ICL FROM~ GKLAJ)Nl TC ALIITUOE

AL1I1U C- Z-IMH Ac.L.: OF PATH LF SIGHT (oEGI"E:S
t T 0-, 0 ~ lo..3010 12c 150 11.0

11ý4

FldIlh .1,. 93 FILIC.1 NO. 5
ýIAI[CLI,NAL PATt, CIFFLrCT4'i,C FRMOI GRCILNI TO ALT! rU'11

ALT ITIJ'iF -N*IrH .'I1 F PATH CFr SIGHT (VFGRLcS)
M3 T*W 3 P.± 1,)- 12 15'. 1 S;u

;,)! 3.I1C 111F 1. 549~ C) ý.'6 C0 3. (1 et-01 9.471E-Ca 1.728E-02 1,897- -0-
".10' .. bIt 6.041 'C 1.641k 01: 8.133E-0J1 Z.338b-CI 6.402L-02 4. 372. -,
9L4 71. 1 Ut c 1. 356'- Q01 2.9,5,: 00 1.38bt! 00 3.7651--Cl 1.0401-Cl 7.220u.--0

1210) ý- 9)51: (), ,. 2?4tu )I 7.271E 00 W.96?F 0'C 7.1C4'-CIl 1.82131-01 1.?46.'-CI
1-.:4 1.8R43E 03 1.496F 02ý 1.32h: 01 5.613'. 00C 1.,)25ý- QC 2.993'-01 1.987k -01
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Al I'UTH OlF PATH i ; SI ',HT 90'M
I-LI!l ir' tO. 4 23 ILI ! N I

I,1PLCtTIONAL P ATH f1EFLECTANCF FRflM: GR~uw.v To ALTITUflF
ALTI1O t- ItNITH AN1GLE OF PATH rGr SIGHT OGIS

14' 73K'; ,3S5I') .o L3 12, 15, ItO

-,14 3.44iý '4 1.137 CI /. 1 9. (/ 1';C~ 00 3.29c~t01 1.3054--Ol 1.012!-01

l1i-14 .I It' . 13 1. 04,6, J,/ 9.Sl~ (1) 3.6901- OC 1.oc9z- OC 3.642F~-01 2.736t.-O)

I 1'- C' I jNAL .'A T 1 fL 'C IA F I-ROA l M~I'J0 TO ALTI ITU- E
ALI I TU.-J %l\ it, A?'GL. L'F PliTh Lf- S I ,HT l G r-)

110 7.1313, ' 0" '. JY9, P 6.201f--). 3.~:2 -01 1.?66F-OI 5.434t-02 4.326ý-C'

1219 ~ . I') '1 '1.63 s C,; 1.64.7f. 00 t'.20,O
3

l~ ?.052t-CI I.i73-01
1 -1:4 ',~3j .6- 6, 11 6.7710. J0 2.8Z0r OG e3d9l;-C1 3.175i-01 2.414L-Gi

I-LI .,1 16. 2FIL1- *,U. 3
uITRýCCINAL 'Ali, -ZI LeC.1A',w Fý.Th - *Mj TO ALT!TUOE

AL71 rU-, V-11TH A ;,,L-- OF PI.Tt uiF SIGHT 0WGRt-SI

310 k.4'99': 0o 9. 1 3.574%-01 ?.,90L:-01 8.502L-02 i.86 6 c-02 3.149thOc
,I'i Q.u1. 2.44 v.' ,. 7.3,43.--t 4.16!)t-01 I.623c-Q1 7.CS1L--.2 5.641 -02,

1.;2 7. 199: .. 1 .~ Ci 2 ' 1.246-. 00 4.,C6L,-O1 I.t1iut-c 1.404%-01

LL~i F!,U1 If; IILL iL'.

ALT II lU,.C I. UlIP AN21 f #1ATH &,t- SIGHT (lC3L

I , '4 I " -ll ~ t

1 ,11-. jI )A.L M'4il EFLFCTA't.4 FROMJ~ 4eGIANU TO AL!TIUo.F
*ALM lUý:t Z3ýJITH AN'eLt tOF PATH OiF SIGHT (0EG.(3t--

~ T3 '.4'I I '~i 2 15"1'

-414 3 . ' C)) It 5.74Y! lit 1.312' 0 6.59%E-01 '.; 16C--O1 9.250v-O? 7.220ý-U?
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H7w

:tRUCICI 'NAL 041, I.tCrIroC, Fll(i,? ltWN.' (4) ALTIFU. F
ALT! I Iu. I .1111H A^C - 'T O IHF S!~tHT (,,EGEE

I So

-63:0" ?.274 -0 3.It.-zi ).O(--

141 2.44wt - .30 51c 9C .2W-- 11 .14,0 09L0 .1t0

15 ;4 2. 1u P, G.9 -I .4? 00 3'27cA .1326, ()j 94.27-ii 3.)64L-01 2.4036 -01

FA~t C.... ~ FILTj * ;:. ?
,:t!,.CT Ii.1A -WO! '611 AFLCF4 W, FAV *H')ji TO ALTITu-F

ALTIIV'EC 1.!H 4-4-t~ tF !AT6 F aloHT G0EI1ES)

w I '-tSI ,1-, .

r-LItIll`0. 13 FILL.' ,t.

ALT!ITMIE 7. NITH AN-;CLi UIF ,,Ait .r1 .I',tir .~.F.5

-u1ý 7.31ý 3* .941e~ It .U11-! !.~. 1.47r-19.532&.7--o' 1.931t.-02 4.37?' -0.

t15-4 6.50eL 3. 9.9,239& GO '*2067C nC 1.?134- C, 4.24,11-01 1.7308F01 L.404-01
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&IIHUTII OF PATH OF SIGHT t27C

FL IGHT NO. 93 jIL!-* '1O. 1

DIt RECTI;JAL PATH REýFLECTANCE Plus 3 R'11Itir TI; AL TI TOCt
ALTITU')& ZI-NITH AN Lr ,OF PATH OF SIGHT (016415f-)

.9L'lR 3 1) -1 1)5 121) IS leC
W5 1.807h 30 7.12ýPO1 26'8c-1 1.,01E-01 S.SO84t?02 ?.643E-02 2.16Z'-02

Q114 8.i01"E 01 l.031F ci de.0J51? 00 9.603L-01 3.140E-01 l.270fi-OA 1.012r--CJ
1219 4.90,,1- 3? 7 J;573-- 01 4.6,)It- Wt' 1.967? 00 5).926E-CI 2.236r-Ot .570
It'?4 2.634L 03 1.t0141ý 0"' .247f! 00 3.515F 00 9.5031C-01 4.b08t-01 2.73&L-01

flIRFUCi JNAL PATE 4'1T*IIfCT%,LF i9Pi j,AiUjiD to' ALTITUDE1
ALT I III Z.X0J 121T 1 'StL OIF t'NtH ', Sfl3HI (0t6-tt?.&

'T - W,. .)3 P", to 0105ll 120 15" 1.
1l)5 1.32917E' 5.573C-01 d.14Js:-O1 1.2552-01 5.049E-02 2.293L-02 1.878-0.

'IRECIJ 1NAL '13j k!trLiCICdACf FR9,1 SEOTO' ALTITUDE
*ALTrI II t;NifHl!` ANG"L' OF PATH 'lF SIGHT (W016*1b)

rP. 1, 23 n' I~ W',tv %

FLI ;Hf -U. '13 FI.1.1 6C.
MRQCTUA PAnPeL-C[jcr FR.OM GRktJ'.t TO ALTITUDE

ALT'ITUI U t Z:'-IIH A%-LCt OF PATH t'F SIGHT (UtG'tLS)
93 LOG 10~t5121519

4611



IT

FLIGHT 96

Quarter moon. Data were gathered over the wooded terrain about 60 km east of Khorat. There were
- very few artific lial lights under the flight pattern. The terrain consisted primarily of dry rice paddies and

deciduous trees. This was the dry season (although it had rained in this area during the afternoon) and
the vegetatIon (leaves on trees and ground cover) had lost the green color of the wet season. The atmos-
phere was very hazy at low altitudes. There was considerable thin cirrus estimated at 6000 m. The data.
taking started at 2047 local time and ended at 2314. The moon phase angle was 95c; the inoon zenith angle
was 420 at the start of sky radiance data-taking and was 650 at the end.

- • ---



FLIGHT NO.96 FILia NO. I
I•RNAbTC INAII5 gQ.M.FE l RO 1e

ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAP
"TAW " F -- "EILE-f -11 -LX1'W•VO" ------ -tKWFVE-[t"-LTP ING TCTAL ALEECC

244 1.041E-04 7.567E-06 .073 1.8M9E-C4 2.CC6E-C5 2.CeSE-C4 .106
..... - ," ,-,•.. -.--- 4.. -C5 2.3811:-C4 ;.13

051 1.121E-04 1.371E-05 .122 2.194E-04 4.124E-C5 2.6C6E-C4 I1EP
1143.--"-- .- ' 19.136E--4 31O- 2;316F--t4C ;261
1469 1.2o3E-05 1.737-.oS .21.._92 .. _eE9-C4 5-.?5E-EO 2.457E-C4 k2@l

FLIGHT NO.96 FILTER NO. 2I[RRAD] ANCE'IWATTSI7g.H. I R1 .... .

ALTITUDE DOWN- UP- SCALAR SCALAN SCALAP SCALAR
--t-- •' - L . . ALLU-W M" - -- " IVAffLt T "u1p'WtLX-G TCIAL ALGECc

245 1.319E-04 1.127E-05 .085 2.268E-04 2.T54E-C5 2.563F-C4 0R2C
"572, *. '09 - M. 6 ---- . 2T --------;T[ 4.. e CE-C 2.359E-C4 .173
854 9*659F-05 1.504F-05 .156 1.930E-04 4.135E-C5 2*344E-C4 .214

11i4"- "f.8 '32`f-E05 1..i71t88-CS5 .194 1.847E-04 -.- 691E--05 2.31!E-C4 .254
1477. 7.5701-05 2.11CF-CS .279 1.742F-04 5.99ei•-C5 2.342.E-C .344
1796 8.3946E-05 2.30CE-05 .274 - 29J--".."62"-CS . 2,elSE-C4 *322

FLIGHT NC.S6 FILTER NO. 3

ALTITUDE EClak- U.o- kCALAR SCALAR SCALAP SCALAP
(METER$). WELLING WFLLINC ALeECO CCW.. r.LLtIG LPWFLLING 7CTAL ALEECO

244 1.394E-O4 2.612F-C5 .Ie7 2.466E-C4 5.425E-C5 3.OCvE-C4 422C
572 .... 1.242E-o4 .. 2..11E-o5 6..2 2.M91.-C.E .. 28-C! 3.CECE-C4 .2e
843 1.187[-04 2.7S8E--5 .232 2.358E-C, t.514E-C5 3.CICE-C4 .27t

.i,.i.. - 9- ... 25.0.--.0 ...... P,..2 -. ,--.-- -. J. .. .2.916-C6 .244
1478, 6.868F-05 2.402E-05 .35C 1.636E-04 6.C27e-05 2.23EE-C4 .368

1.7-6--o-Q 1=-A --- ,07.knký ---- A69A ------ 7.9ýj~738-05 3.484E-C4 .292

- -------- -------------- 6 FILTER NO. 4
I AR AC0 iWEIRWh~f i 9.HO~.------------- * ------

ALTITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
"TATIl!1F --- .vrcLTrn ------- LWck' -' 'IlO ------ DCNVR E'rTNC"UFW1F.LT NG" TOTAL ALEECO

251

572
842

1478

S--- . FLIGH NC.96 -.FILTER-O S.....

1RRACIANCEIWATTYS/SQP.ICPC ".)
"ALYITUD." . UP- " ... SCALAR SCALARCALA SCALAR
INETERSI WELLING WELLING ALEEDO CCWNWELLING LPWELLINC TCIAL ALeECC

---- 7 +4e_5o' . .1,---5.. .CO 2 .283E-OF4 .. 2.7T46-C5 2.562E-04 .]22
571 0.696E-05 1.571E-05 .161 1.174E-04 4.589E-05 2.2331E-04 .259

"-113--610-05" "2.2711-0S .236 2.e25F-0-4" . 0"-"O54 .281

,1.47 6.061-05 1.454F-CS .24C 1.437E-04 4.25?F-05 1.1631E-04 6296
1792 7.42-- -05 2.l(4E-C. .2S? .... 3.-C'--. 2"-C5.. .64'OE-04 35
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FLIGHT KC. 96
-~AZ IP4JTH 'C.F PFAfP CF~ '510VT a7--C

CIRECTIONAL REFLECTANCE CF BACKGROUND
lEh[ITH F- Y Lc 'f - ---------------- ------ -

ANGLE I- 2 5 3 4
93 .28382 -34~ ---------
q5 .22595 .210E7 .22388 .26139

100 .11378 .13 .. "--.1 T -.
1c0 ,08293 .10193 .09619 .15961
120 .08287 .07757'-- *,.dy4ll alon-C
10 .05731 .06146 .07685 .15755
ido .C91('3 .08892 ...- 4 .... i2

VIRECC I CN.AL REFf F.CTANICE (f [APCKM~LAG
ZfkfmPy FILTERS
ANGLE 1 2 5 4

9.3 .?"611 .742.Fl , .. 2lA _.11

95 .Iqctc .18626 .IC6Ie .22614
--.--- 19_ -------------.. i. :k 5 .... ... 0 .11 .... -.-.-- 78 ..

105 .0788C .0890 .CG103 .15513
._2_J•O.0 ...... .... 6 2 ..075. V2-4__5 ......... 614.3.

150 .07644 .07714 .OE019 .le610S...z o.. . ... . c . ..08892 -...... 5c4 -...... z ~ .. ..

FLICF1 NC. 96 k
AIPUTiF CF FATI Cf SIl-T * lG

--- ---------- --.. CTlQkL.aEFLECTANCE Cf-t C..LtC.............
ZENITH FILTl-S
.. *NGLE --.-------- 1 -.. 2. ,-------- -..- , . 4

93 .24017 .185s' .2C147 .32U44

956920 14449--,,- ~ ... 27O3100 .0487 .10874 .12439 .21S75
S. . t... .... , i• ...... ... Jg . ... .... .1 .C0 ....... 3•3570 ....

120 .092C5 .cI54 .cseb .19451
S.O0811 . Oee8s oCS16 .26564
1. 0 .c91C3 .Oebq *.9C4........

FLIl- NC. %c.
.AZIPU1 H CF PATH CF SI&FT 27(o

DIRECTIONAL REFLECTANCE OF PACKGONO
ZENITH FILTERS
ANGLE 1 2 3 V.

93 .19571 .2C447 .22252 .2214C---------- 1.. . .1517C ICC-7 . .20146
100 .08722 - .11331 .1C769 .18396
165- .0718 -'.094E0 .C.2*17358

.120 ......... 07836 .Oe0q9 .C14C2 .19023
150 .r5795 .C731C .ct?4s .2C'48
180 .Oq103 .C8a92 .ISC4 .iC512
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kifilriftJ6 TCTAL SC F&RIN LCUPIlC1FS-Y 1P .E1r)

0 S.ac9F-,,,! 7.77C.-C5 I.4~C .C66E-C4
..... 30 9.7771-05 7.7'2-C5 4.E;51-C" I.C62E-C4

6f1------ i.*74'4E-r5 7.726;-r.t 4.ecs-cl I.CSeE-C4
91 9.712F-(,5 7.7CIL-C! 4.71;3-C5 I.CSE-C4
M2 9.68CE-r. 16SfC 4.?1V--Cý 1.C0lr-C4

152 9.47F.-05 7.6bCI-05 4.UK3-C. I.C484--04
183 9.615F-05 7.624F-C! 4.74ý`-C! I.C40f04
21 3 9.5832-05 7*5991--C! 4. 7 !'1-C~ I .C41-C4
2"T S- .551E-05 '7.-5i3f-#.' I .714C-Cý I.C3CF-C4
274 9.622E-05 7.632E-C! 4.iSIL-Ct I.C67L-C4

5 t-O "T FC b 4~.117'-C5 4,.C43F-C4
335 9.334E-05 7.002E-C! 4.6s C-c! 5.e4si-c5
366 9.229E-05 -G-151 E-C S 4 .7scP-- -rfC'~kC
396 -'-.227E-05 6.674E-05 40.M*-Ct, S.211k-Cf
421 P-le4E-C5 -- 6126-C5 4.-617, -C q25f
457 __8.354.:-05 6.692E-C! 4S1116--C5l .3fc
488' if.0306-05 £. c3E t 4.37IF-CS 8.745=-C!
SIS 7.qe0-r5 6.497F-C! 4.3!t'2-C5 e.624.C

54 .22CE-05 i.6245-C!S 4.M2-CO! F~f12E C5
--- ------ 4.16if-05_ _6.8361:-C5 4.Cf6E-Ct 5cac

610 8k.1575--;01 6ý.4SE:-C! - 4 .C 11 E-0ý5 6.F6!F.-CS

_6L A 6.41-E-5 -4.C77C-Ca .rjý

671 b.3C5*-05 6.047E-Ct 3.SC5E-5-CS3-C
----7-, --- AO1.1.E-05 ?,jj~c .~S7i-CS 5.8291--C5
732 7.2E5F-05 6.013E-t! 4lc-bf21fC

------7162 -------A855e-C5- 6L.r.C4.3-r! 4.437hL0! 6.461ý-0!
792 7.21-1E-CS 6.0282-ct b.1752-C!

-- 823-- 7,fQ-O JA7.-k-C! ýq .C-431 -c 7.3CM-C!

652, 7.9115E-05 ý.091b-ct B.7~1F-Cf 1.C296-05

S14 .295L-r5 '..62-CSl J.SkL-C!5ff~rc
---- S41 ---------- P-135f-05i 't.Wt-CgS A It 17.-rC 7.CC3t.-C5

975 903PCF-CS %.114E-C5 4.3;i'ý-C! 7.C;13:-CS
-- .CAE -0 6.Cd41-C ý.4 -cs 7.C45'-C

1C-36 1.058k-C4 t.3e3F-.-t 4.517E-C5 fo1e2t-C5
----- 67 -------- 1.l;6-0,n~4.. o.445c-(C! fossC! 65t5-C5

1097 1.054E-C4 16.,4CS-Ct 4.5-1ý-Ct 6.5iel-C5
-- 112t3 1.G37C-04 6.31e1-c! 4. 'E1I,*-C5 6.570--Ct

1.0675-04- 5.313ýE-C5 _ 4.3SCE-CS 6.463E-C5
1219 1.043E-04 !'.49CE-C! 4.2C5:-C5 666re-c5

--------1-t0Z ' m'EC4 A- .4C',E-C5 3.es9F-5-C!62EC

1280 I.026E-04 536,C! 3. eiI L-C - 6.7355-C5
_4,311 ---------- -k.ý28~-C 4.326F-O! ,4-C

1341 9.,6,9E-05 !b.70?)-C! 4.!C7E-05 t.527F-05
13Z2 _1,14 IJF .±S02 2- C 4.516E-C!-. 6.644F-CS
1402 5.5266-05 7.1C3i-C!c 4.!esr-C5 6.653E-C-.

-- 1433 9.e-526-05 7.C87'--(. 4.62?E-05 t.702E-CS
41463ý g -------o 6.19ý4f-Cf .89tC 6.61SE-0!

1494 'i.433E-O5 7.721.':C ! .34CE-C5 e.el3s-V5
1524 "0.2:2[-05r 8.4975-C, t.fIE5-C! 6.7476.-C!
1554 ".OE-: q.C2t;-i': -.6491-C! 7.37CE-C!

1585 - 7.!r92F--: 9.7e8f-c! 5.74?E-C! 1.443E-C!
1615 7.!2596-c5 I.C42A.-C4 t.156C1-C! 6.696E-C5
1646 7.428L-0! 1.142ý-C4 t..4 c4t--C! 6.6735-CS
1676 7.575E-0- 1,2C3,-'4 t.24Cc-.,5 t.6516-C!
170? 7.4t9E-L.! 1.123*-C4 0.!.C .1629E-CS
1737 7.476r-C5 6.335L-4 S 7cS2EE-ý5 6.6075-C!

--1768 7.71SE-C! 4.7-95-C! C .I467rC5 e.5SM-C5
179a 7.9?9*'-C5 8.052-r15 0. 11-52-C 6.5563L-C5
IR29 *i.952E-CS P.C25ý-r! C.Cý2fC-C5 6.5412-05

FIRST DATA ALT. ^1 s 9 9

LAST DATA ALI. 6c 59 57 54
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FLIGNT \0. 96 FILI•k NC. 1
',LAMf TRAKSPITTAKC. FROI" -ROLNO TO ALTITUCE

ALTITUCE ZENITh ANCLE LF PATI- CF SIO(HT (DEGR-FS)
PE( FS c13 1,5 lc. ICA 12C 151. IRC

305 .56bib53 .71324e6 .e43S56 .t924415 .942717C .966j6.24 .9'109774
S10 .3379649 .5275934 .',546q? e8Cf28Ce *eS4527? .q?767S4, ;9457945

914 .2093929 .4C15756 .6225S66 .7354803 .E529667 *.1227C5 .923562C
1219 .1124C88 .282223C .5299146 .653116C B8C2106? .*eC4573 .8956039
1524 .0607r4L .2(C7281 .446604S .5823144 .7558517 .8507762 .8693973

FL :I-t~. ~ FILfin N~C 2-
6FIDJ TiANSPITUNrC- Fpco c-pr.iN( 7C ALT h~tS -

AkLTI_•IIE ZLNI1h ANGLE OF PATh C-F SIGHT (CEGREES)
1ETERS 93§' -5 -------fý-------- In f 2 --------- 5n-IsC -

- 305 .6375982 .76"C18C .e742C57 .9137495 .954382S .9734034 '9169252
61C .4553 .6463-f16C 15 6 .9505931 - -lis-7Cm9

914 .2982132 .4937564 .TC1?2I5 .7884829 .8842514 .9314413 .9403464
12i19 .2727 .C33 64~. 3781 8 .91'26929 -. 3923916

*~~2 .3700 32029 56249 .6_82_7841__.8__$207649 *8922246 490596C6

FLIGHT NO. 96 FILTEP NC. 3
8EA• TRNSMITTANCE FROM CRCLND TO ALTITUCE

ALTITUDE ZENITH 6NCLE OF PATh CF SICHT (CEGIFES)
PETERS 93 S5 loC IC5 12C 15C 18C

305 .7559045 e.465786 .S198C44 .9454583 .9713854 .9833781 .98556t9
61 5864 .7-244C45-- .6505S56 E897117e V945351C .968C743 ;9722916

914 .4518418 .6289478 .79236C2 E.5543"4 .922351C .9544053 .96C3911
.3436368 .559f'14 -....- 43VC" .P122C0e .979243 .9397297 .9475867

1524 .2577716 .4599724 .6772075 .769e87e .8733941 .5248211 .S345556

FLIGHT NO. 96 FILTFR NC. 4
8BEAN- I-TRAiN-SýITTAN-CE FROM GCLNC TC- ALTITUCC

ALII"LDE ZENITH ANGLE OF PATI-t OF SIGHT (CEG:REES)
PETERS 93 95 zec IC5 12C 1s0 18c

i95
610
914

1219
j5W4

FLIGhT NO. 96_ FILTER NO. 5
I'EAP TRANSMITTANCE FROM GROLND TO ALTITUDE

ALTITUCE ZENITH ANGLE CF PAT' .F SIGHT (CEGREES)
Pir:TF R 93 ICC 1C5. 12C 15C lac

305 .5389601 .6922076 .8314C56 .8834878 .9378888 .9636550 .9664466
610 .3149739 .5062151 - 71"/5634 .79""27 -.. e81007 .93378C2 .942351c
P,14 .2102P34 .4030987 .6337997 .73641P5 .e53527s .9126181 2;52366e7

1219 .1373737 .3184524 .503CE3 .6eC226C .e191717 .EI12243 .9050810
1524 .084R2597 .252106S .SC7,E?? .62E7634 .7..4e,3t .0705149 288683e88
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AZIPLUIH CFFMFATý r S IGIT C 1215t

PATH4 RAIPANCE FROM CIRUUNC 7C ALI1TLCIF(lATTS/S~kR.S4C.P PICRC 0.)
ALTITIJIE ZINIrh ANGLE OF PAh t.F SIGP7 (DEGprrS)

PETERS 93 qJci I1,,C 0 1;C - 51 C 1 8C

305 8.342C-06 5.065F-06 2.ESiE-C6 1.615f-C6 7.3CF'-C7 34696E-07 3.27CT 07

-~610 -- 1.37,)E-05 9_ .830-06 4.E51E-C6 3.22Ec-C6 1.31;9L-CL 6.916E-07 564 0b-C

-f47 f.764iE-;d!r 1.3e5-2 .34-CS .0- 4.eC51*-C6 P.7EEE-C6 9.943P-C7 S.'.8Cf-C?
1219 2.454E:-05 1.84LC-05 -- .166-c6 65.313E-C 3.218E-Cf 1.C56k-C6 9.145OL-Ce
1524. 2.943E-05 2.283E-05 1.051c-Cf 9.145t-Ct 2.9211--CE 1.73itr.P6 1.116~f-C6

FLIGHT NOC. 96e FILlL.' NC. 2
PATH RAO A -NCE -F -CRO CRNOUMZ TC AL!ITLtE.(kATTS/Sltc!.SC.P MICR! P.)

ALTITUCE£NT NLE FAT SIG~I7 frDEGREES)
PTR 93 93 _ LCo ICS 12C 15r Itc

305 i7647te-C6 5 .?18i0-b4 ------ ( 1.6251-C!-6 5-.03rc-C7 3.522L-07 2.4221F-C
610---1.382-05 8.839E-06 4.557E-C6 2.922t-0 _Ce -1.0431-C6 o.9975i-C? 5.6411C7
914 1.764i-05 1.189f-Cs 6.34Li-C6 4.ME3-C6 1.76EE-C6 e.C3Pe--C7 .7ý48C-Cl
11 2.116,1---5 1.49CE-CS __..16E2-C6 4.852E-cA 2*2OfC6 IC-G-6 9.16-C 0E2-C7

1524 2.4527-05 1.807E-05 1.02'53-C5 5.74SE-06 2.472i--06 1.311C-C6 9.6116-Cb

FLIGH-T NC. 96 FILIC? NC.4

ALTTUe atLpi e~rJCEt-p FRC RCUhC..TL kLjITUCt (WATTS/STFER.SC.-P PICRC P.)
-iLTTUID 1,NITH ANGLE OF PATH Cf SIGHI MCIGP!ES)

METERS ------9 --- 5----;j ---- IC( -1 C5 120 IsC itC

- - - FLIGHT NC. 96 FILli KC.4
----- T--- EN PADiANCfE FAC GRCUNO IC AL7TI7LC'(*AT15St1~f.SC*P PICRC P.)

ALTITUDE ZPNITH ANGLE CF PATP CF SICH (1LGCPFS)
PETERS 93 cis iCC ILS 1?C 15C 1eC

------5 -- 1?E--5 756-6 31C-# 231-C .31C .31C .61C

6109 .110 .2tC .54-! 41S-6 1741C -s;C .82C
9314 ~.7EC .4PC .31C .6f( .FlC .7~C .2iC

1054 1.924E-.05 7.CS8E-05 1.7741-CS 92271r-cf S.SME-Cl 1.65t5-C7 41.3572-C7
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AZIMUTH nF PATH OF SIGHT * 90
FL IGHT NV.96F 1 7

........ATAL~AR~4CýEFPOM GROUND TO AkLlITUDE(WA7TS/S7ER.SC.v P!CRE. P..)
AiLTITUDE z1YhAGEO AHO iI ~ '

METERS _ 93 95 - ~ 100 105 1110 ISO IIC
305 662- 4.1621-06 2.17ý6-C6 1.445E-Ct 7.Cl4E-O? 3.E421-C? 3.11Fl-C?
610 1.052E-05 7.106F-06 3.9371-CL 2.6f2E-Cf 1.31CE-06 7.1461-CT 6.105E-07
914 1 .2 9 61-0 9.39CE-1O6 5.4751-S06ý_ 3.768E-66 1.8781-C6 1.C171-c6 e.668E-C7
1219 )-.462E-05 1.14fE-CS 7.15SE706 5.057E-06 2.574i-06 1.383F-06 1;166E-06
1524 1.5_6SE_-CS I.3L Ir-05 8.5FSt;-Ct 6.2CSE-06 3.22SE-Lý 1.727E-C6 1;4%oE-C6

FLZIWT K~C. 96 HILTF% NC. 2
PATH 9~A0INCE FilCp rPr.UNL I( ALTITLCE(WATTS/STER.SC.P PICRC P.)

ALTITU0t: ZLKITt- ANUEL OF P~OSGIOGES
-PETERS - 93 9b 1cCr 1C5 120 150 1oo

305 6.5821ý-06 --- 3.954E-06 2C 371-:6 ---- f.3Y4 Tf-;:66 -- 6.577E-07 3.661k-C7 - 160Et-ý7
tic 9 .935E-06 6.502E-Ct 3.526E-Ct 2.369E-06 1.166E-Ct 6.45S8[--Cl 5.;642E-C7

1219 1.279E-05 9.4591-Ct 5.6CUl-C6 3.886F-06 1.959E-06 1.069E-06 9.'199E-C7
1524 1.365::O5 I.C7ft-C5 6.676t-Ch 4.114F-C6 2.417E-C6 1.30SE-C6 V-Jft6F-C6

------------------------IGhT NO. S6 FrLI:-- rC. 3
PATH RACIAN.CE FRCP CRCUNE Ui ALT 17LCE 0A7TS/StIH.SI..P 11CRE P.)

ALTITUDE ZkNITh ANCLE CF PAWl CF SIGHT (rFGPEFS,

-105 5.289E-06 3.05S1-Ct 1.536E-C6 1.CCtF~l-O 4.F42k-C? 2.703E-CT 2.4221-C?
J.OA9.A8-A2 F.31C - .-tO(t-CE6 l.SC7F.-Gt 9.241E-Cl 5.1Ce8-CT 't.541E-C7

914 1.140E-05 7.4071-C6 3.5E2F-CE6 ?.147E-Cl 1.3C31-1. 7.129E-C0 6ý274E-07
---1219 ------ _fl.5 9.C7CE-C6_ 5. C 23-Ct_ 3 4 4Z 9f~ 1.6961-Ct 9.27ef.-C7 $.c98E-C7

1524 1.402F-05 1.0154-cs 5.F940-C6 4.CtlE-C,6 2.C39t--ý6 1.113f-C6 9.6518-C?

FLIGHT NO. 96 FILTI-R NE. 4
BAOFRQ GROUNE IC ALTITLC~(hlATTS/S7FR.S(.f# PICRr P.)

ALT17UDE ZENITH ANGLE CF PATF UF SIGHT (CEGP1FE$)
PETERS 93 95IC 15 12C 15C IpC

305
6 1
914
1219

FLIGHT NO. 96 FILTER NO0. 5
PATH RADIANCE FROM GROUNr IC ALTITLCEEhATSWSER.SC.P PICRE P.)

ALT17UGE ----- ZENITH ANCLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 IcC ics 12(; 15. E

3('5 8.497E-06 5.273E-CE 2.762E-Ct. 1.e29E-Ct e.752E-C7 4.704;-C7 4.167E-C7
10 1.207E-05 P.313E-CE 4.667E-Ct 1.1638-06 1.5461-Ck E.329.-C7 7-1821-C?

914 1.360E-05 9.97eF-06 5.E71E-Ct 4.C4SE-06 2.CC9E-C6 I.Cecl-C6 9.3251-C?
1219 1.4701-C5 1.13tE-C5 7.1119-C6 4.9:4c-ct 2.493E-CE 1.?491-CE 1.l1't-ce
1,24 1.051=-05 1.196b-CS 1.7t3E-Ct 5.554F-Ct 2.8681-Clt 1.557,-C6 1.357f-Cl

6-1 19



AZIMUTH CF PATH- CF SIGFHT - IF
F -LI GH .T N .096 TLII KC. 1

PA&tI ADIANE FROM CACUNE i AIC- LLhISII I. PICRL. t'*
ALTITUDE ZENITH AINCLE CF PATH rF- -SEN~T (CE.PtFSI

PETkas 93 95 ICL ICE ItC 15f tic
)05 6.698'E-C6 4.149E-C6 2.2C4E-(e 1.4M8-Ct 7.573F-Cl 4.132t-C7 3.2

1
8L-Cl

LID l.O8i-05 t.9 2C-06 3.9361-1-6 2.7151-Ct 1.41CE-C6 70M9-T 6.0FC
,,14 1 .23 9-0 9.101E-06 5.406E-Ce 3.P47E-Ct Z.C49F-L 119-Ct !.6611-Ct
1219 1.3jk4jk-05-- 1ý.083E-105 t.Steir-tt 5.C53E-D6 ?.7(6-cL 1.4c14F-C6 U;1661-CE
1524 1.446E-05 1.2201-CS 8.30Th-CE 6.1651-CE 3.4rC,--CE 1.852t--C6 1.4508-Ct

FLIGH1T "'C. 96 Fhuh- \L. 2
PATh-iAOIANCE FPCP CR0144t TL AL1ITLt'(hA1S/1TL0.$C. P101M P.)

*LTITLCE ZENITH ANGLE Di- PAUH IF SICH1 ((I EC, t,1 'I
P100" ~93 95 1011 12 Ict 180W'i

305 6.587L-C6 4.01C ?.115L-C6 1.436[-C6 7.b5bC-C? 4.241r-C7 2.2006-Cl
CIO 9 7e83F- 6 6.4051f-Ct- 3.16-C 2.-4565-Ct 1.321t--CC 7.412 -(7 5.e42r-C7
9314 1.139E1Cý5 3.C67E-CE 4.7111-Cc 3.3071-Cf 1.71SE-CL C9.k11 -C7 7.4108-C7

1219 lad39Y-QS 9.296E-Ck -5.tlSL-C6 4.054F-Ct 2.2126-Ct 1.2Cr -C6 9.1SSL-07
1524 1.353E-CS 1.Ct,4F-C5 6.769F-Ct 4.9CEF-C6 2.7C6E-C6 1.45S -C6 1.116'-Ct

FLIGHT NO. 96 FILEtR 2
PATH RA~1ANC 151' CIRCULt TC ALJITIAEC(WA S#STER.SC.P PICKC P-)

ALTITUJE ILNIfI- ANGLI. fF PATF- IF 5101<1 (EGiWES
£M.TERS~ 93. 4C5 ICC ICE 120 15Ct t, C

305 5.12SE-06 3.015t-CE 1.5771-C6 1.C75-C6 5.811E-07 3.32SF-C? 2.4221-Cl
610 F.647h-Ct 5.422F-C(t Ž.q42L-tf 2.C301-C6 1.1051-CE 6.2CM-C7 445411-Cl
914 1.38WF-OS 7.206F-Ce 4.C5Cý-kf6 2.83Vh-CE I.5578-Ce 8.5771-C7 6.2141-Cl
1219 1.239E-05 6.666E-CC .¶6f( 3.5761-03 1.584-C6 1.0911-Ct 8.OSEt-C?
1524 1.3101-05 9.6631--Ct .d4C 4.2041-06 2.347E-CE 1.286t-CG Q.6511-Cl

FLICHT NO. 96 FT~lFR NC. 4
PATH% 4A01*NCE FROP GROUNC UL TITLrEllhA1TS/STEA.SC.P PICAC to.)

ALTITUDE MIT11- ANGLE C. DATH- IJ SIGhT (DEGREES)
EI PA5 93 95 oCC ice, 12C 151 IcC

303
610
514

1219
1524

FLIGHT NC. 96 hurLFP NC. 5
P-All 1AIMANCE FRU4 ,RCLNI IC ALIITLIFI.ATTS/STFP.ClC.P PEIt P.)

ALTITUCF L16111- ANGLE CF PATH CF 5161-1 (LEGf~c5)
91ls S5 1 #C It! 12C 15C tIC

'12 1. 2-UCS .'kC:-Cc 4.r5-t 32C~C 1.776,:-6 S.543t-C7 7.1826-C7
114 1.17l .- 05 C%434t-CE t,7½,4'-Cc 4.143cC-6 A.27C1-CE 1.22-C, .2EC

1219 1.3EAL-(5 1.CS~Cr-c! 6.S:Zt-Ct 5.t,151-06; 2.E111-C6 1.5140-C6 1.1161-Ct
1574 1.3Ea2-O5 1.151F-0% 7.7th-Ct: 5.ltAE-CC 3.2158-CE 1.732,'-C6 1.?51h-CL

6-120



A Z 100Ulh CF PAT#- OF SI. 1,1 = 27C
FLICI'l N~C. 96 TI -V- T

PATH RADIANCE FkhrM GAC.UNC IC ALTITUCEfNATS/SIER.SI..P FOICRC P.)

KETFRS _ _93 SC5 ___cIC5 12C 15C leC
305 6-.873E-06 to.22IF-06 2.195ý'-;de .45WCE-ý06 6.916E-07 3.776E-C7 3.flE-107

___610 1.047E-05 7.08LE -Ct 3.922L-C6 2.646E-06 1.296E-06 7.043F-07 6.105E-Cl
s1 1.810 9.312k-C6 5 .4 j41-C66 6.8-06 1.853E-C6 1.CO5E-C6 8.;66eE-C?
1219 1 .-4 '25E --05 1.121E-05 _6.9-63E-06 4.921E-C6 -2.SC3E-C6 1.367L-C6 1.168F-Ct
1574 1.493E-05 1.247E-CS 8.410 ~ k6 3;1C5E-C6 l.690E-C6 1.490E-06

FLIGIT hC. 96 F I IL:TCP KC . 2
PATH RADIANCE FRCP CRCUNC IC ALTITLOEINA7T5S7SER.SC.P PICKC M.)

ALl IUCE 7ý%ITN ANICL OF PATHý C6Fs-f-GHT (t.EVREES)
PIOTERS 93 S5 ocC 1C5 12C 15C jAC

305 6-.590`E -C 6 3.96. 1-C6 2.C39E-061.410 6.596E-C? 3.6e9E-C7 3U20CE-C3
6110 9.83RE-06 6.4:21'-C6 -3.5C6E-C6 2.362E-C6 1.110E-06 6.5291-Cl 5ý642f-07
*114 1.1601-0Y5 8.1CSr-Ct 4.dCo-:t -3.1421-06d 1'.57-06 8.686F-C7 T.M80E-07

1219 -.28E5 9-.499E-Cf --- 5.6CC'E-C6 3.679E-06 1.954E-C6 I.C72r-C6 9.'1591-Cl
1524 1.404E-05 1.CIEE-05 6.6C151~dg--06 -4.CO0 239 f9--c6 10305f-C6 IJlt6E-C6

FLIGHT NC. 96 FILTI'. NC. 3
R AM-LUOIARCLFRCM r2RCUNV KC ~I ~ATISE QP4CO?

ALTIIUME ZENITH1 ANGLE OF PATH OF SIGHT (DEGREES)
*..PETE.RS ---- ~ -9 ------- S5C ic C5 12C 10114C

305 5.081E-06 ?.9p561-C6 t.,C4L-C6 9.s64F-0? 4.971E-C7 2.1231-Cl 2.422F-C?
610 E A.44-6 20-CL6 .12-6 S.536E-07 5.322E-Cl 4 ;5 4 1E -,G
914t 1.116E-05 7.2771--C6 3.956E-CC 2.681E-06 1.347E-06 7.4181-Cl 6.274E-C7

-121.9-- -- n.216iA5------ 1'-----~8~C - 3-AZ2k-f!(----i,7IR-06 9.54ef-C? 64W8-C?
1524 1.38R'E-05 1.Cn41-05 5.646F-C6 4.CSCE-06 2.068l-cEb 1.139E~-C6 9.651E-07

FLIGHT NO. 96 FILTER NO. 4 -

PATH RAD! --E FRCM GROUNC TO ALT-IT-LCE(W-A7TS-iSTER-.S-C.P PICKC V.)
ALTITUDE ZENITH ANGLE CF PATH OF SIGHT (DEGREES)

14ETERS ____93 35 10C IC5 120 150 16C
305
610L
914

1219

FLIGHT NO. 96 FILME; NC.
PMT, MAIANCE FACM GROUNt 7C ALTITLLEhATTS/ST(R.SC.P PICRC P.)

ALTIIUCE ZUNIlFH ANGLE OF PATH CF SICHT (DEGRFES)
METERS 93 cýicc IC5 120 ISO JAC

305 e.16rF-C6 5.ce2t-06 2.67q1-06 1.786-CC 8.7481-C? 4.81&.C-C7 4.1671-Cl
110 1.1561t-05 7.9051-Of6 4.5LlF-ik 2.C74E-C6 1.53CE-ce 8.3257f-Cl 7.1621-C
014 1.53Ik-C5 9.63Cr-Ccc~ f. 3.142f-f6 1.qict-ce l.O81,-C6 9.3251-C?

1. 1LloIC 1. 11 2---t 6. 05,1;*-~' Of .e2eý-Ce 2.479E-C6 1.372, -C6 I.17fi-C6
15,ý4 1. 4'v7F -C 5 l.111F05 7.t34tL'f6 5.47?6C-ri 7.8551-CC 1.583L-C6 1.357F-C6

$ 6-121



AZPU.TH CF FPATh OF SIG-HT C
'FLIGHT VO. 96 IFILTO 'NC. -1

HýRFCT ON.AL PAl-T&FLFUCTA'NCL PttTCb CrtCirN IC ALIITICE
ALTI riri 4-'N1TI AKCLE cr PstTl t';F SIGH! (0EV'FES)

PEFS 93 '95 ocC IL5 12C 151, ipO
305 4.442Ik-01 2.143E-CI 9.156L-C2 5.544L-C2 2.353F-C2 1.154r-C2 I.C19(-(c2
f-IC 1. 232F 00 S~.2106-01 2.CIlE-Cl 1.176E-01 '4.72CE-C2 2.226E-C2 I.S4FI-Cý-
914 2a-R,3L 00 1.016E ()C 3.512E-Cl 191-1 7.429(-CP 3.289F-C2 2.e33E-07
1210 &.1elc cc 1.9ýl, CC 5.''7. -Cl 3.Z101-Cl 1.141E-Cl 4.7C5F-C2 3.534[-Cý
1524 1.4611- CI 1.433r OC ;.Irq'-cj 4.14CE-Cl 1.tsil,-CI 6.182t-C2 5.C33F-CP

FLIOl-T ',C. ',6 ýI-ILD %C. 2
Ct~i(l0ICkAL PATF 'LFLECFAN(E FROp CkCLNL0 TO- ALTITLUF

ALTITIOE ?,-NITIh ANCLr rF PTI- Cý Sl1,HT (DEGREES)
)iStK Ics 12C 151. laC

1'~ - .6Z.5 l. 6lF.2-C1 6.S4ý'E-c2 4.2C9E-02 1.7551-C? 8.616E-C3 ';8COGE-C'
610 7.73?c-Cl 3.4,13i-Cl I.3r97E-LI - 16.244E-02 3.315F-C? 1.572E-C2 1.4L4r{<
91l4 i.4C9E 00 5.736-E-01 2.1461-Cl 1.234E-Cl 4.7E2I:-C? 2.157E-C2 l~ei4E-Ci
M91j *-2.t4-28 00 - 8.79P0-C1 I.Cf-,7-CI 1.7191F-Cl 6.384E-C2 2.755E-C2 2.371[-C?
1524 4.Z38k Co 1.336L. c( s2?-- 2.315ZU-ýI P.47fý-Cc 3.497E-C2 2.934t-C2

FLIC-14T NO. '96 rILIRF NC.3
CIRECTIVN-AL PATH 4EFLECTANCL FRCIA GPCLNr IC AL717LO-E

ALTIIOZ2IITl- ANCLE CF PATF CF SICI-! (CEGREES2
IUS q ICC IC5 12C 15L 183C

306 2.2101E-Gl 1.12CrF-Cl A.513E-C? 2.9e4f--C? 1.23 h--f- 6.C33,.-C3 5.!41L-C?
610 5. -239ECiý 23.5116-Cl _1I.S,16-k-C1I 6.226L-C2 2.4E6E-C2 1.164F-(2 1.053E-C?ý
914 9.1861J-Cl 4.142E-01 1.64SE-Cl 9.5?4E-C2 ?.6EkE-C2 1.65S1-C? 1.413F-C2
1219 - ..-14zt4ifl0 A1.l87E-01 2.342E-Cl 1.iSE-01 5.C2:E-C? 2.190F-C2 1.926E-C?
1524 24210E 00 9.5599-Cl ?.Cý,3c-cl 1.741F-01l f.381F-C2 2.704r-C2 2.32PF-C;

FLIGIHT NC. 16 FILIER NC. 4
-0Ij~frT10fl4L. PATH. REVLECTANCE FROM GREUNO TO ALTITUCE

ALT UMDE ZENITH ANGLE CF PAIl- CF SIGHT (CEGREESI
PETERS 93 95 icc IC5 120 IsC I8C
305
510
914

15i4

- FtliGH No. S6 FILTFit NC. 5

47-ITD-7-u-----------ZtENM- APt-Lf CF PA7l-: -f SKI:H (I E-
I-FirlgS - 93 95 loc ICE I?( 15r 111c

305 S.828t-01 2.756h-1.1 1.141E-Cl 6.755f--.2 -..tý7;-C 1.l:-,'2 I.Ll83 -C,
610 4 .412-t -A 4.0601-cl 2.2CEO-C1 1.3ZEL-CI 5.L,6.1-C: 2.19qr-C/ I.Ssis-c;
914 2.600E 00 9.621E-C1 3.3S01-Cl 1.S04F-' 1 7.OCFF-CP ?.Sf6t-C2 2.5411-C)
1219 3LiO~-1.4885E CC 4.e151-Cl 2.f21'E-Cl 9.3M9-CP 3.635F-C2 3.272E-C7
11,24 7.592E 00 2.065E CC 6.254F-Cl 2.3i39-cl 1.1,7f-C3 4.!5S4;-C2 3.ES(ý-CŽ
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AZIMUTH OF FATS Of SICHT - CC FI~~iC

DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE
ALTITUDE (OKECRESY

-METtRS 93 95 ice IC5 12C 15C 16C
-305 _;WWOV .6d5T6 T;179- V UEQE07 '2;752E-02 1.2COE-C2 1.0195-02

-- 610 ý9._393E-01- 4.CESE-01 - 1.386-Cl 9.963E-02 44418E-02 2.3002ý-C2 1.94ai-02
914 1 .86~h 7.c5E'G 2. .12_f-;C I- 1."6E-61 6.644f-02 3. 366C-C2 2.0?f3-f?
1219 3.924L 00 1.227F 00 4.C77E-C1 2.?37E-C1 94667E-C2 4.739f-C2 ?.934E-(C2
1524 7.712-E-o 00 i~s67f0 -6 5.8C3k-01 3.2-18E-01 li289E-CI 6.-1255-C2 5;033F-C2

FLIGHT NO. 4W f FIL15I-E NC. -2
DIRECTIONAL PATH REFLECTAN~CE FROM GROUND TO ALT17UCE

ALT17UDEZNT NE O AWFSG I DEO-EES)
93- ýP S_95 1CC ICS __ 12C - -15C 150

305 7.458E-01 121-l .5P- 31102 1.64o1E-C? 1.9565-C3 - 7tCCE-C3
610 5.560E-01 2..562E-Cl 1.C8E-Ci 6:663E:02 3.032E-02 li1-6115 2 -1.404&-02
614, -9-.3 115-01I 3.929E-1 157-Cl WJ5.-2 4.22E-C2 2.2 E--02E C2 1Iw$4E-16
1219 1,Aj_-A-EC1 ?1c5C1 1:5eE-C1 5.466E-C? 2.1U8SE-C2 -2*.37IF-t2

1524 2.392E 00 7.975E-01 2.SCSE-Cl 1. 44P-ýCi - 7.C13F-C2 3.4S35 0_2_ 2i934F-02

FLIGHT NO. 96 FILTER NO. 3
D RE.71 ATh-JIE-kaJ4X A)4 i k A L11 -

ALTITUCE ZENITH ANGLE OF PATH OF SIGHT IDECREES)
------ 93.1----------------- ----- M! ---------- C --------5_1UC 15c-

305 1.577F-01 8.144E-02 3.764E-C2 2.39?E-CZ 19124E-C2 6.196E-C0 5.'!41S-G?
610 -3QLQj-1';2 P-cl 7 122E- -1,.Z-C 2.20-35-C2 I1.89f_-C2 1_C93E-C2-
914 5.688E-01 2.6555-01 1.1335-Cl 7.0285-02 '1-A E-. 1.6e4. C2- 14.473f5-02

---2-- 1-.b.9ý1371~2ET.I-fl----- ' - 9t17II-CZ 4.259E-C2 G_265 0Q2__
1524. 1.226E 00 4.9765-01 1.962E-Cl 1.IEfE-C1 -5,262E-C2 __21712f-02 2.32GE;4Z

FLICNmT p.C. 96 FILTC9 NO. 4
-- DIRECTIONAL PATH REFLECTANCE FRC14 GULK-LN.I. ALTITUrE

ALTITUDE ZENITH ANGLE C-F PATH OF SIGHT (DEGREES) -eqsLP 15 CC ICS 12C 15C
405
(.10

- FLIGHT fid. 96 FILTER C
DIRECTIONAL PATH REFLECTANCE FRO" CROUND TO ALTITUDE

METFRS 93 95 - 10 105 12C Ibc -leC
305 3.69-01 i Stf .362E- 02 5.21f25-Cl 2.36Cf-C2 1.25CF-C? 1.0835-C?

61q 9.6k465-17 4.134E-01 I.E.'3E-Cl 1.CClE-C1 4.3625-C2 2.245F-(2 1.S191-87
914 1.62BE 00 .21-1 .3EC1 1.3&4E-C1 5.926E-02 2.9e05-C2 2.541F-C?

1219 -2.L6.4ý3 00 a. 99 aE-!p1 3.p13 4 E-C I 1.E225-Cl 7.6tCE-C2 ?;f11&-C2 3.2725-C?
1524 4.1095 CC 1.094F 00 3.6975-Cl 2.224F-Cl S.11SE-C; 4.5C2C-C2 3;65CE-ci

6-123



aER U N TnO~C ----- --

[LIUEZNT NL FP~gW T0 bGESIWR5------9 o C 2 s 8
---- --~-. 1ý ALT TUOO1 56 FC? 393EC

ALTIT7UDE ZENITH ANGLE OF'PTHO SIGHT (DiEGREES)
-- jMTERS. 93 105 10E5C 120 15C sEC

305 3.5665.-01 1.7456-01 57.82E-02 3.702E-02 2.4245E-02 1.205e-02 W.1C1E-02
J ýj .0926-01 3.9775-01 1.6375-01 7.0165-01 34.575-02 2.48157-2 1.9485-02

914 1.7865 00 640-1 200-1 1.5785 -6;TCf -6-012 ; 7.251-_02_ .6751C-C2 V~E
1.1 .2E0 523-4bbt?-,*1)AO- 3sY65A1.1-2l.311E:O- i0]4617E-01 5.120E-C2 23793F-02
1524 7.ý1785 00 7P1.8355 00 .6105-01 31-Cl 1.431ý-'I '.8511-01 63S89E-C2 2.934[-C;

-~ - - -- FLIGHT NO0. S6 -- ILRNt. 2
CJRC1IONAL PATIH REFLECTANCE FROM GROUNDE TO ALTITLICE

AIs.Yikuo ZLNITHn ANGLE OF PATH O7F SIGHT1 ICEGEE )
METERS- 9.95 _ c IC 15 1201S IhC

305 2.528E-01 1.0248F-Cl 3.662h-62 3.743E-02 1.665-0 1.32-C2 7#622,1-C3

610 5.475E-01 2.583E-0l 1.152E-CI 7.C464E-02 - 3.e450-02 1.8575-C2 1ý44045<?
914 -- 9.0945-01 3....-...595C __.5581-C?_ -40492h5O2 2.6S1O-C2 1.E2iA-C'

15219 1 .A14E O0 5.736E-01 2.133E-CT 1.23115-0 6.1056-02 3.1491-02 2.3115-02

FLIGHT NO. 96 1 IL1&R KIC.
CDIRSOTIUNAL PAl-h REFLEC1D'\CC FRCr G2LPLNC IC ALTITULI

ALT1TLCE ZENITH ANGLE OF PAT1l OF SIGHT (CEG'EESl
METLR&---9t.-,A 1C 05lC 1St b,;

FLIGHT NO* 96 FILTER NC. 4
.DIBECUXTIONAL PA REFLECTANCEFRMQtOJCLTTE

- PEI&l5_ _. ~93. 95 0 100 __ IC! _ 120 1SO PuC

- -_' 610.. __ ýYf86f-

61524



AZI'PUTH. OF-PA.Th CF SICHT- 270 2 5 6

0LRj7iOqftA PAh ELETNC R O NC 70 ALTI-TUDE
ALT!ITLVE ZCNITH ANGLE OF PATI CfS-160 VEE

tkETERS ----- 3---------5! .... 0 - 2 5 oL305 -39660f-Ol 1.786E-01- 7.e84E-C2 4.9041-02 2"__.Y23FE;02 1.179fvO2 1.60I9E-C2
5 _3 7 9-.90SE-02 4o372E-02 2.267E402 .4E0

914 1.010 6.99PE-01 2*5981-01 1.5301-01 6. 56t-? 334-2 263-C
1219 3-.827kf 00 1.119E 00Do 7E0 2 4-01 9i417E-02- 44652E-C2 3.934E-C2
15?2. 7.1.12E 00 I.M7E 00 5.5701-01 3.C8ii-1 .24b0 5.997E-02 ~ 334

E ~-FLIGIHT VC. 96 _FILJlP 2

0 LRECNtQ JP.A 7H P F L-TiAti,6_f.FMj~! _ L Pl.-TO -ALTIATUPE
ALTITUDE ZE:NITH-ANGLE OF PATH OF SIGHT IVEGREESi

to 10 5 12Ie50I3
305 2.461E-01 1.233E-01 5.554E-02 3.517E-02 1.64WE-02 9.C26E-03 7;8CLC - -- J-C
610 -.5,505E- 99...Y542E-Cl 1.075E-01 6.63§ 0 3:042E-,C2 1.6369-C2 1;404E-C2
914. 9.266E-01 3.911E-01 1.561E-01 go89-0 _,j 227t-02 -z.221F-02 ilaW4-C;

----11 ---L40- ------- ~ f 5.45CE-C2 2.?96E-C2 2i3118-C2-
152'. 2.425E 00 8.043f-0 2.8121-C 1.639E-01 WE51-23:8E-2 2E C

FLIGHT NO. 96 FILTER NO. 3
L Jjlom-I 8 ti -_t A T Q ----------- --D

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT IOEGREESI
____PfS ___ 93 ---- - -- --- ------ *GC S

305 1.t515-01 7.8111-C? l.feeE-02 2.3eCE-c2 1.1501-02 6.4701-03 - - 55411-
_U0 3 ,AW[I =t1.... j Uh5E-C I 7,554E-0? 4,e031-02 2.t110 1.3102 -1CSE0

914 5.566F-Cl 2.6CPF-CI 1.12SE-Cl 7*065E-02 3M?2-02 1.7521-Cf 1;47DEA-40C
1219------- ------371L.56 ~ _i.345EC2 -2.290E-i -1.9E-261
1524. 1.214E CO 4.9211-01 1.946E-G1 1.1161-Cl 5.337k-C2 2.776E-02 ?J210

FLIGhT NC. 96 ýIILLI Mc. 4
DIRECTIONAL FATh REFLECTANCE FRCP CICLNG 7C AL117LCE

ALTITUDE ZENITH ANGLE OF PATE CF SIGNT IMPC9G1~
PIFTERS 93 S5Icc C 10 1C 150If

305

-1219 _

1524

PLIGHTJ NC. 9t FILIEP KC. S
GIREC71ONAL PýATH REFLECTANCE FRL'N GHL'LNC TO AL-TITUVE

4 ALTITUCE -ZENITH-ANGLE Or- PATH CF SIGHT (DEGREES)
PETERS _9 9 55 -100 - 15 12C Isc JIC

305 3.814E-01 -1.848E-01 18.1111-C? 5.CSE-02 2.3481f-02 1.25SE-C2 1.C31-42
610- 9t441-ýQ1 - 3*9JIE-01 -. 5-1 _A;?9n 9.7336-02 4.3381-C? 2.253E-C2 1;919E-42

r91'. 1.571E GO 6.014F-CI 2.29E-CI -1.347E0C1 5.86SE'-C2 3.CCIE-C2 7.541F-C7

1219 -2*63of CC _e.?bvE-OJ 3.QCL3F-C1 1.U71-C1 7.6179-C2 3of75E-C2 3.272E-C?
1524 4.CEOF 00 1-.179E CC 2.c31k-Cl 2.192E-C1 S.139E-02 4.5781-C2 3.e501-C?2

Ii
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FLIGHT 97

Moonlight. The flight was made over the Gulf of Siam, approximately 130 km south of Rayung, where
water depth was about 55 m (30 fin). The atmosphere was essentially clear except for small scattered
clouds at about a 450-meter altitude. Data-gathering started at 2132 local time and ended at 2400. The
moon phase angle was 710; the moon zenith angle was 290 when sky radiance data-taking started and 540
when data-taking ended.
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FLItiIfT \0C.7 FIL1LI! \0. 1
IRRADIANCE(WATTS/SQ.M.PICPO 10.)

ALTIrUllE t,.CN- UP- SCALAR ,CALAR •CALAR ',CAI AP
(MLTRS) WELLING WFLLING ALBDO DOWNhELLING LPWrLLING TCTAL AL8trC

176 4.212F-04 2.395(-o5 .0ý7 :.923E-04 6.622?-C5 6.;8_.-C4 .112
482 3.442f-04 2.9941:-05 0L7 ').248-04 Ii.563t-G5 6.10, -CC4 .103
773 2.3321-04 3.122F-05 .134 4.069t-04 9.lb10-05 A.',set-C4 .?26

1012 2.524V-04-3.2-1l[-05 I.2t, 4.39%E-0 9.717t-05 5.361, -C. .721
1387 3.335F-04__ 3.8148-05 .114 5.796E-04 1.141.-04 6.93RF-04 .197
16Q2---- 2.630E-04" 3.907F-05 .149 5.065E-04 1.2061-04 6.271ý-C4 3P

FLIGHT NO.q7 FILTFR P.0. 2
IRRADIANCE(WATTS/SQ.MMICRO M.)

ALIlTuDE CtWi- . . - SCALAR SCALAR CALAR ,CAI$
(METEAS) WELLING wELLING ALIUtO DCWhWELLING UPWELLING ICTAL ALOE18

177' 3.340E-o4 2.1qqF-05 .otb 4.973a-04 6.026L-05 5.575tL-C .121
471 3.446ý-,-4 2.589i-05 .07' 5.1981-04 7.634L-05 5.9611--C4 .141

-6 .193 2.941E--04 8.957p-C5 3.9i37[-C4 . 301ý
1,;71 ?.658-'-4 3.164E-0,5 .120 4.526f--04 9.634t-OS 5.489k--04 .713!1i 3.462;-04 3.334;-C5 ,C,(. ,.940E-04 1.015E-04 6,95E-04 .171
Ll .415,-1,4 3.650:-05 .Itl 4.691E-04 1.143k-04 5.833c-C- -14

FLIGHT NO.97 FILTrP NO. 3
IRRACIANCEIWATTS/SC.M.ICP0 P.)

ALIIMUDE D•wNI- P - SCALA., SCALAR SCALAR SCkLAe
(IT-S tWELLING - WELLINC AL,0O0 DCWNWELLING LPWELLING TOTAL ALSECC

144 4.136t-04 2.025F-tD .049 5.765E-04 5.580L-05 6.323e-C4 .097
4n, 1.034c-04 2.341E-o5 .077 . . 532--d-, 6%5-' -05- ".188P-04 .145
779 1.728F-04 ?.450E-05 .142 2.971F-04 7.5638-C5 3.727E-04 .255

1()i •.167f--:4 2.554F-05 .1II2 3.897e-C4 P.4608-05 4.743f-b0 .217
13J; 3.847F-14 3.27L-,5 .C7?, 6.4321-04 ;.558t-05 7.38TE-0 .149
134;4 2.113--')4 1.76-,-j5 .170 4.124E-04 1.219L-04 5.343E-04 .29t

FLIGHT 1O4.4 FILTk PIC. 5
IRqACIAkCtEWATTS/S°.I.PICPO P.)

ALTIIU)E U Wt- UP- SCALAR SCALAR SCALAR SCALAR
{MNTE1S) WELLING hCLLIN. A, L PiO (0GNWJ.LLIhG UPW8LLING TCTAL ALPEUC

155 2.626t-04 2.181F-0i .v`3 4.20C'.-C4 ).9s2F-05 4.799L-C4 .142
478 .683F-04 2.558E-05 ,0b9 5.759t-04 7.071 -05 6.546t-C4 .1:7
7 _?.z974-34 2.871F-05 .125 4.C60.-C4 e.935.-C5 4.954E-C4 .220

107) . .43,• --•4 3.C36i-i5 .125 4.39'L-C4 '•.'14'-05 5.344-04 .?17
133o 1.786--64 3.650'.-05 .131 .301t--04 1.157 -C4 6.456.:-C4 .21L
1691 0.864t-.4 3.a773E-05 .135 3.494,-04 1.221 -C4 6.722- -(. .724
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FLIGHT NO. 97
AZIMuTH CF PATH CF SIGHT s 0

UIRECTIONAL AEFLfCTANCE OF eACKGROLNO
LLITH FILTI;RS
ANGLL 1 2 ; 1

93 .3U497 .37661 .36446 .23943
95 .. 3970 .29368 .2ab9O .17741106 .1808? .21111 *19C2C .13459IC5 .1409u .16399 .1467C .11033120 .0337 .08953 .07144 *C72d1
00 .15200 .19611 .0609? .16858

*eo .03859 ,r4325 .C5597 .C2940

FLIUHT KO. 97
AZIMUTH CF PATH LF SIGPT - 9C

VIRECTIONAL REFLECTANCE CF BACKGRCLNC
LEhITH ... FILTLRS-1 .... .. . 5 3 493 .16190 .1914C .IS985 ,Ie420"95- .1A258 .15891 iiw4e? .12645t 00 -. 1046 .13312 ,12C83 °C792910.. .0333 .09267 .C9514 .C¢870120 .04265 .04343 *C5C32 .C2517

150 ,0322- -Z4 3CG .C3015 C ,C2715
180 .03.59 .04325 .05597 .c2948

FLIGHT NO. 97
AZIMUTH OF " 6ATH f--r-GHt - IEC

DIRECTIONAL REFLECTANCE CF FACKGqOUNO
ZFITH ILTERS
------ -- 2 5 3 493 .1319 .157C7 .166C7 .13457

.5 .11541 .134T7 .14273 .09881100 .08878 .10744 ,I1CSO ,C6257
105 .0165 ,08053 I0IC90 ,C5323

.20o .04.212 .04129 .05C7o .C22781110 ........... -244 C0237? .C3060 °C2232
10O .03859 .C4325 .05597 C02948

FLIGHT NO. 97
A2IMUTH CF PATh OF SIGHT z 27C

UIRECTIONAL REFLECTANCE CF @ACKGRCUNO
A-1ITH FILTERS

aNGLE 1l 
493 .. .16584 .1872e .351E0 .IC9C795 .12893 .14145 .31738 .C7713

1 , 00 .09211 .10836 .22550 .C6019105 .0731C .08650 .16745 *C4284
_ - 0L .04152 .04121 .08747 ,C256.150 .02488 .02641 .125eI .02235

110 .03859 LU4325 .05597 .C294e
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I

DATE 32769 FLIGHT NC. 97 GROUND LEVEL ALTITUDE ( M.)- 42 IUP-1

AL-ItUoE TOTAL-SCAWT-ERl-PiG GUEFFICIENT (PER-'EETER)
(NETER$9)S FILTEkS 1 W 3 4

0 5.0011-05 4.476E-05 2.535E-05 4.7081-05
30 4.9841-05 l.4611-05 7.527E-05 4.693k-05
61 4.9681-05 4.4461-05 ?.518F-05 4.677f-05
91 4.951r-05 4.431ý-05 '.5101-05 4.a66W-OS

122 4.9351-05 4.416t-C5 2.501E-05 4.646t-05
152 4.918k-05 4.402t-05 2.493F-05 4.6311-05
133 4.9001-05 4.4321-GS 7.486P-05 4.61SF-05
213 4,.9791-05 4.493'-0! ,.4M.L-05 4.5671-05
/44- 5.117ý-05 4.649r-C" ý.52Pf-05 4.5881-05

-_274 5.2W08-05 1.7471 -CJ ?.564F-05 4.643L-05
s2 J:,•g1-o 4.86CF-C5 1.556C-05 4.687.-05

3'5 !.2851-05 4.928r-05 2.610[-05 4.72BE-05
S66 5.349F-05 5,0411-0 2.6001-05 4.781F-O5

396 S.503E-05 5.226t.-0'l 2.631U-05 4.814h-05
0)7 5.601E-05 '.702F-C5 7.569E-05 4.8271-05
457 5.617.-05 (,.879r-C5 2.7C4.-'o 4.7601-05
43 -... 6.-52dO-05 7.34EF-rs Ž.641F-05 4.903(-05

IlH 7.9861-05 -. 9691-05 2.593E-05 4.807F-05
549 5.706F-05 5.061F-05 2.6C1E-05 4.888E-05
•lq 5.9121-05 5.355F-05 2.603L-05 4.973E-05

610 6-243E-05 5.3071-05 2.724E-nS 4.925r0-5
u4O 6.204F-05 *.597F-05 .793F-05 4.977E-05
7" 6 "-5-0- •5.3721-C5 ?.6S0E-C5 5.114F-05

101 6.613F-05 i.249L-05 2.9101-05 4.774h-05
7 " 6.-158E-05 5.812F-05 3.344C--0S 4.352F-0S

-- T2 6.439F-:5 5:641E-05 ;.712t-05 4.223F-05
I .. 6...5121- 05 58671F-0 3.746E-05 4.072F-05
o23 6.2391-05 *.646c-05 3.764E-05 3.8541-05

- 5' ITY-b5 1.024•-C5 -3.7351-CS 3.811F-05
8S4 ,829k-05 4.7611-05 3.5611-05 3.914E-05
4Y4 - .15-----••- S-o5 4.6-6 7C- 0- .2C3F-6S 3.962E-05
Y45 6.106t!-05 4.996L-05 3.1701-05 4.0051-05

5.609g -05 ,.745r-05 3.071L--05 3.9891-05
1006 - 4.967E-05 5.595E-05 3.1511-05 3.645[-05
1036 4.7201-C5 -. 074'-C5 3.2351-05 3.7341-05
I-.b7 4.7051-C5 /.8221-05 3.2831-05 _4.0701-OS

10- 7 .. -.. 4...730-o-65 .. 4.125E-05 3-.3T0791-05. 4.120E-05
1128jý 4--------- 5 3.822F-05 32 1.1E-0.5 4.037E-05
1158 4,742E-05 3.6541-05 I.0681-05 4.090E-05
1139 4.7721-G5 4.405F-CS 2.984t-05 4.0531-05
1219 4.7451-05 5.316Z-05 2.963L-05 4.0121-05
1250 4.760E-05 5.863L-05 3.0531-05 4.C080-05
1250 4.6761-05 .. 891C-C5 3.0775-05 4.0601-05
1311 4.8641--05 C.Z1GL-C 3.C511-05 4.0271-05
1341 4.8192L-05 u.4661-05 3.1947.-05 4.047[-05
1312 4.907F-05 6.412r--05 3.272F-05 4.264L-05
1407 4.6171-05 6.3679-C5 .1 5 -5 5 3.b35F-05
1433 4.462[-05 6.032--tb 2.842,.-',5 3.654i-05
1463 4.386L-05 *'.779 -0, 2.673,-05 3.736-05
141)4 4.3321-05 ,.526 -05 2.971L-05 3.9C41-05
15•4 4.649E-05 S.326E-05 3.111t-05 4.2431-05

4 . 638 r-0 5 5y69-S 3 d 3 zS 4.0651-05
1565 5.130t-05 5.8351--05 .C0961-05 4.1521-O5

S.1615 ..... 5.479E-05 i.647F-05 3.037t-05 4.1261-05
1646 5.0871-05 ).888F-CS 3.010F-05 4o368L-05
lo76 ".179L-05 .733E-Ci !.CIIL-05 3.999t-05
I r I 

4
.

6
C8c-05 5.527-C, 1.0781-05 1.76CL-05

t737 4.5931t05 5.508F-05 3.0681-05 3.6171-05
176R 4.5781-05 5.490E-09 3.058E-05 3.605F-05
1796 4.563E-05 5.472E-0C 1.C48t-05 3.593i-05
18)'9 4.547,1-05 'A.453, -0S 3C 3 7-05 3.5811-05

FINST CATA ALT. 6 6 6

LAST DATA-ALT. 57 57 S6
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I

FLIGHT N0. 07 FILt' ".C, I
14EAP TRANSMITTANCE FROM GROLWO 71) ALTITU'r

ALTITu.dE ZLNITH ANCLL OF PATH OF SICHT (0DI IF )

k)5 .7449758 .8392547 .9•158cI .9426961 .9699153 .9825186 .9b4e42661o0 .5232137 .6821891 .8253444 .8791II .9355085 .4622422 .9672i69114 .3517515 .5479624 .7393S48 e16C311 .9004534 .9412569 .94S9222U19 y .606885 .4590770 .67(e194 *7694384 .8731307 .9246600 .934414615..4 .1931697 .3'1C1337 .6034Wo .72d35SU .n486797 .9096205 .9212381

FLIGHT NO. 97 -FIL(R NC, 2
VEAM TRANSMITTANCE FROM GROUND TO ALTITUG1ALTITUt,E Z-NIfH ANGLE OF PAh UH SIGHT (OFGREES)

PFFttS )J 95 100 305 12C 150 110
3)5 .7670312 G59,95)I .9238167 .94b2233 .9728549 .9642367 .9863341-,10 *54741'tl .71r5976 .R364404 .t87C794 .9398605 .9648241 .969464014 .394246e .5801228 .7608662 .8324665 .9C94499 .9466750 .9536509I2L9 .2934724 .4918003 .7003349 .'8?4296 .8836398 .9310693 .940C2111)'4 .2016120 .3988995 .6j04773 .733P262 .8519732 .9116568 .9230739

FLIGHT NO. 97 FILTER NC. 3'LAP TRANSMITTANCE FROM GROLNO TO ALTITUDE -- -..
ALTITIYE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)F, fLAS 93 95 lO1 105 120 I5O 18c'5 .3626CT9 .9157900 .9568084 .9708117 .9847831 .9911861 .9923624"10 .7375887 .8°56352 .9133174 .941-1250 .9691849 .9R20913 .9844719:14 .1008779 .7435680 .8618160 .9050405 .9496634 .9706214 .974506F1219 .4957189 .6b55816 e8151978 SA687149 .9314981 .9598565 .96514151.'4 .4012553 .5946143 .772943- .8413092 .9144378 .9496692 .9562624

FLIGHT NO. 97 FILTER NO. 5
BEAM TRANSMITTANCE FROM GROUND TO ALTITUDF

ALTITUCE ZENITH AN-LE OF PATH OF SIGHT WOEGRE1 0)
9T(R4 13 95 lOD ILS 120 150 1,0,ku5 .7612e32 .8501560 .921753? .9460•n .9720997 .9837955 .9859512,10 .5T03861 .7180446 .&468391 .89445T8 .943fs99C .9672155 .9715447,14 .4370023 .6166241 .745294 .849749C .ct91749 .9525064 .95873611219 .3f-)6413 .5366329 .7316?0 .8109059 .8971801 .9392799 .94719591,,4 .2642552 .46713C9 .6024769 .7739011 .8757484 .9262596 .9358i43
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ALIPUIH CF PATP CF SIuHT 0
FLIGHF NO. 97 FILTER NO. 1

PATH RADIANCE FROM GROUND TO ALTITUCEiWATTS/STFR.SC.M MICRC M.)
ALTI;UOE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)

Pcr'RS 93 9% 100 IC5 Ie 150 1MG
W05 1.42SE-05 8.138E-06 3.958E-06 2.5129-06 1.138F-G6 6.209C-C7 6.282f-07

_ '10 2.637 -- 05 1.635E-05 8.3?8E-06 5.3657-06 2.435E-06 1.2881-06 1.264L-06

'14 3 E-38 b-05 2.299k-05 1.228E-05 8.O4 0;-06 3.6711-06 1.BiIg '06 1.791.--06

1219 4.038E-05 2.8251--05 1.557E-05 1.C30-05 4.722E-C6 2.389ý-C,6 2.237ý-06

1524 4.862E-05 3.477E-05 1.946E:-05 1.292F-C5 5.M97E-0D 2.927r-06 2.713E-06

FLIGHT NO. 97 FILLIR NO. 2
PATH (A!)IANCE FROM 6ROUND TC ALTITUDE(WATTS/STER.SC.P MICRC M.)

ALTITUUE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
PMTLAS - 3 95 100 105 12; I5V I 0

305° 1.190E-05 6.761E-06 3.261E-06 2.060E-06 9.148E-07 4.805!-07 4.673F-07
610 2.351E-05 1.445F-05 7.283E-06 4.665L-06 2.0840-06 1.072:-06 l.029'-06

914 2,923--OS 1.932E-05 1.0E30-0 6,678F-06 3.024E-C6 1.521Z-C6 1.411--C6

1219 3.634E-05 2.4911-05 1.350E-05 8.873E-06 4.0131-06 1.977t-C6 1.8091-Cr

--- ..1524 - 4.775"05 3.373F-05 1.8,3E-05 1.228.>-05 5.519E-06 2.668V-06 2.435;-06

_TLTM-ll ff '91 PTLTA-NO. 3I- -

PATH RAUIANCE FRGM GROUNP TC ALTITUUE(WATTS/STER.SC.M MICRO M.)
'ALITUE-- -- - -ZrNITH ANCLE OF PATH 'F-S1GHT (DEGREESI

METERS 93 95 100 105 120 150 190
------- 35- YMYE66 .... 4.1865-C0- 1.939E-'"C-- 1.196F-06 5.074F-07 2.611E-07 2.630E-07

6to 1.346E-05 7.7o4r-06 3.710F-06 2.31T7-06 9.965E-07 5.014F-07 4.850--07

914 1.8880-05 1.14f-0 5 ,(.bCE-C6" 3".'S95C-'06 ... E-5-Y/-06" "i.-T•3--TP T b6.9421-07
1219 2.569F-05 1.611E-05 8.C;-C6 5.130E-06 2.1geE-06 1.024F-C6 9.156f-07

---15 3.. 26-OS 2.2532F-05 1.136F-05 7.166U-06 3.014E-06 1.359F-06 1,2012-06

FLIGHT NO. 97 FILTFP NO. 5
PATH RADIANCE FROM GROUND TC ALIITLCE(WATTS/STEK.SG.P MICRO M.)

ALTITUDE ZENITH-ANGLE OF PATH OF SIGHT (DEGREES)

PLTFrRS 93 95 100 105 12C 150 IFO
--3o15 I. 169105-6.626E-06 3.173F-06 1.q88E-06 8.554E-07 4.257E-07 4.013C-C7

___-_lO 2.390E-05 1.437E-05 7.C99'-(6 4.488F-06 1.9381--06 9.50IF-Cl 8.878T-07
-,14 1.117F-05 1.987F-05 1.019E-05 6.5291-06 2.845E-06 1.3661-C6 1.244t-06

1219 3.755F-05 - 2.495E-05 1.3141-r5 8.493F-06 3.7191-G6 1.755L-06 1.570t-06
1",!4 4.618A-05 3.155E-05 1.614F-05 1.093t-,35 4.756E-06 2.193'-06 1.936:-06
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I

3I1PUTH OF PATI, OF SIGHT - oc
FLIGHT NC. 97 FILTM NO. I

PATh 4AI,IANCE FWCM GRCUNU TL ALTITUCEfWATTS/STfR.cQ.f MICRG I.)
ALTITUtE V"NITH ANGLE OF PATH OF SIGHT (DEGrEES)

ttTt RS 93 C5 100 IC5 120 15C 110
t-'5 1.7-O 6.273F-06 3.190E-06 2.124E-06 1.072E-06 6.624P-07 6.282P-C7
"•!0 I.qO4F-15 i.2utL-05 6.474E-C6 4.386r-06 2.242L-06 1.365F-06 1.264F-06
114 2.382P-05 1.636F-C5 9.74TE-06 6.377E-06 3.302E-06 1.972F-06 1.797t-06

1219 2.7U3'-05 1.948--C5 1.142E-05 7.979L-06 4.17ek-C6 2.477E-06 2.237,--06
I•'4 1.061k-05 2.21: -15 1.373E-05 9.685F-06 5.119E-C6 3.019E-06 2.713t-C6

FLIGHI ',C. 97T FILfE NC. 2
PATH AuIANCE FP(u' CROUNC TL ALT1TUCEIWATTS/ST1f'.SC.P MIf:RO '.)

ALIIfUWE ZrNITH ANGLE CF PATH IF SIGHT (DEGrEES)
lwTLR3 ICc IC5 12C 150 1Pa

w5 8.1,44,--C6 4.9"7E-C6 ý.516t-"6 1.673L-06 8.414E-07 5.C92E-07 4.673t-07
ý.10 1.0ý38L-05 1.029F-05 5.476E-C6 3.697E-06 i.881E-C6 1.131L-06 1.029E-06
)14 2.,71-05 1.3621-CS 7.LC2E-06 5.214E-06 7.677E-06 1.575E-06 1.41E-06

L219 2.383E-J5 i.bIt32-o5 9.f-9lr-06 6.721E-06 3.462L-C6 2.031t-06 1.809E-06
1',,4 2.905C-05 2.13CF-05 1.273E-C5 e.938F-06 4.692E-C6 2.735F-06 2.435E-06

-- FLIGHT %0. 97 FILJFq NG. 3
PATH •Ai)IANCE FROM CROUNG TC ALTITUCE(NATTS/STER.SC.P VICRC P.)

ALUITIWE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
I9TýR 93 95 100 105 120 150 1

'CS ' .9s4F-06 2.790--06 1.3151-CA 9.119E-C7 4.513E-07 2.771E-07 2.630E-07
',10 8.697E-06 5.137E-06 2.615E-06 1.735F-06 8.624E-07 5.217F-07 4.850E-07
)14 I,1811-05 7.403E-06 3.893E-06 2.609E-06 1.301E-06 7.648t--O 6.942e-07

:21' 1.5Cbr-05 9.771F-06 5.262E-C6 3.555F-06 1.778E-C6 1.023,-06 9.156r-07
i,4 1.696E-05 1.2(,7E-05 6.937E-06 4.716E-06 2.3711-C6 1.350,:-06 1.201-06

FLIGHT NO. 97 FILTER NC. 5
PATH 'ACIANCE FROP GROUND TC ALTITUCE(WATTS/STE1.SC.P MICRC P.)

ALIIIUE ZENITH ANGLE OF PATh OF SIGHT (DFGREES)
t-T;RS .43 95 10c 1C5 12C 150 3 C

i 5 7.90t-O0 4.581f-C6 2.315E-06 1.528L-06 7.5C6E-C7 4.362E-C7 4.013"--07
'10 1.555E-0 5 9.6101-F- 5.C43E-C6 3.373r-C6 1.681E-06 9.763E-07 8.e•1c-C7
114 1.989E-05 1.303F-05 7.093E-"6 4.804F-06 2.414F-06 1.385F-C6 1.244F-C6

1211 2.320E-C5 1.589L-(5 8.921E-06 6.1O0L-06 !.C96F-06 1.764.-06 1.570E-C.
1-'4 2.o8bL-05 1.9G6t-G5 1.CW7E-"5 7.n83r-06 3.873k-C6 -. 19W-C6 1.936.--C6
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AZIMUTH OF PATH CF SIGHT = 1eO
FLIGHT NO. 97 FILTE' NC. I

PATH ý*AIANCE FROM CROUNC TC ALTITUCE(kAT1SISTER.SC.P MICRG M.)
ALTIIUOE ZENITH ANGLE OF PATH OF SIGHT (OEGREES)

F0TFRS 43 95 ICC ICS 120 15., 1do

305 1.05bE-05 6.264E-06 3.318L-C6 2.2891-06 1.278E-(,6 %7261-07 6.2826-07
oi0 1.8901-05 1.2161-05 6.7',6E-C6 4.7346F-06 2.662E-06 1.T72ý-06 1.2641-C6
-)1f4 2.392E-05 1o.62E-05- 9.7C--C6 6.9101F-06 3.926F-06 2.515F-C6 :.?7I.C-

1,19 2.747L-05 2.0031-C5 I.2111-C5 8.722f-r6 5.0111-06 !.134:-C6 2.237ýI-O
1524 3.166F-05 2.382E-05 1.477L-C5 1.o076--05 6.275E-06 3.8251-06 2.713E-06

FLEH NO. 97- FILT- R NC. 2
PATH RAOIANCE FRCM GROUNC TL ALT[TbLE(NATTS/STER.ýC.P MICRK P.)

AtTILwb ZENITH ANGLE OF PATH OF SIGHT MEGkFES)
ME V. RS ;395 lot; 11½ 12C 15,, .'

tk5 8.575E-06 - ... 4.. -06 2.652E-06 1.824r-06 1.004E-06 b.588t--C7 4.673 -07
610 1.647E-05 1.048E-05 5.7711E-6 4.C3CF-Co 2.247(-06 1.468ý-C6 1.029.-r6
914 27012E-05 ....7 1TR-0- 1.924Z-06 5.6C4F-06 3.137[-06 1.983F-06 1.41Ii-C6

1219 2.40oE-05 1.717E-C5 I.C?01-C5 7.298lJ-06 4.1411-06 2.5521-06 1.809.-C,
1524 "3.0261E05" .. 2.250t-05 1.3b11-C5 1.0031-05 5.8291-06 3.476F-06 2.4351-06

- FF N2"-O.-9~7-' FILTER NC. 3
PATH RADIANCE FROM GROUND TO ALTITuCE(WATTS/STEP.SC.P MICRO P.)

RAT rl UtE .......... ZENIIH ANCLE OF PATh OF SIGHT (DEGP9ES)
PETERS 93 95 lOC 105 120 150 1oC

......O5-... b8bE-G6 - .bO0F- ...- 1.5IE-O- - 1.0091-r6 5.740E-07 4.112E-07 2.630E-07
bOO 8.5831-06 5.142E-06 2.7281-C6 1.89CE-C6 1.064E-C6 7.428E-07 4.850.-07
914 1.164E-05 7.359E406 4.015-d 06- 2.7S6F-0t 1.567E-06 1.043E-C6 6.942E-C7

1219 1.494E-05 9.025E-06 5.4906-06 3.854F-06 2.1851-06 1.369F-06 9.156E-C7
1524 1.913E-05 1.2971-05-7.3961-06 5.245t-C6 3.044F-06 1.818F-66 I.201E-C6

FLIGHT NO. 97 FILTER NO. 5
PATH RADIANCE FROM GROUNC TO ALTITUCE(WATTS/STER.Si.P MICRO M.)

ALTITUDE ZENITH-ANCLE dF PATP OF SIGHT (DEGREES)
PETERS 93 95 lOC _ 105 12c 150 16C

30 5 ' 7.940E-06 4.6*7E-C6 2.451E'-06 1.6781:-06 9.1401-07 ';.689.-07 4.0131-07
olO 1.570E-05 9.854E-06 5.3810-06 3.739F-06 2.01L1-C6 1.290E-C6 8.878F-01
914 2.01E-05 1.330E-05 7.5181-06 5.2791-06 2.9551-C6 1.192E-C6 1.244[-06

1219 2.349E-05 1.632E-05 9.496E-06 6.737E-06 3.809E-06 2.248C-06 1.570E-06
1524 2.7611-05 1.9851-CS 1.1841-_f5 8.499E-06 - 4.8661-06 2.776"-06 1.936i-06
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Af|MbTH Of PATH OF S1GHT = 270
FLIGHT NO. 97 - FILT'R NO. 1-

PATH RAUWANCE FRCOM ROUND TO ALTITUDE(WATTS/STFR.SQ.P MICRO IA.)
ALTI1IUE ZILNITH ANGLE OF PATH OF SIGHT (CEGREES)

McTtRs )3 91 100 105 120 150 IO
J05 1.046F-05 6.116E-06 3.130E-'6 2#092E-06 1.067L-06 6.725E-07 6.?S2F-07
,14) 1.8 G70-05 1.187F-05 6.365t-06 4.3131-06 2.212E-06 l.J64F-06 1.264E-06
1 2.355F-05 1.615F-05 9.113C-06 6.216E-06 3.2'7E-C6 1.963!-C6 1.797F-06
1219 2.664E-05 1.921ý-05 1.124E-05 7.8'.E-06 4.104E-06 2.463E-06 2.237E-06
152' 2.995t.-05 2.235F-C5 1.345E-C5 9,S89E-06 5.023E-06 3.007-06 2.713E-06

FLIGHT NO. 97 FILIER NO. 2
PATH 4A0IAhCE FRCM GROUNC TC ALTITUCE(WATTS/STER.SQ.M MICRO M.)

ALTIIUCE ZFNI1H ANGLE OF PATH OF SIGHT IDEGREES)
95 100 10S 120 150 180

15 8.463t-U6 4.908E-06 2.49I1E-06 1.653E-06 8.284E-07 5.041E-07 4.673F-07
1, I.ob2-05 i.OIr-C5 5.4118-06 3.645E-06 1.845E-06 1.114ý-06 1.029E-06
114 1.999f-05 1.348E-05 7.5COE-06 5.1-27E-0#606 -54766F-06 1.411E-06

1219 2.344E-05 1.655f-05 9.511E-C6 6.582E-06 3.393E-C6 1.997E-06 1.809L-06
1).'4 2.82.E-05 2.0864F-05 1.241E-05 8.125E-06 4.588E-06 2.7140-06 2.435E-06

FLIGHT NO. 97 FILIER NC. 3
PATH RAPIANCE FROM GROUNG TC ALTITULF(WATTS/STEP.SC.P MICRC N.)

ALTITUuE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
ITER, 93 95 We IC5 12C 150 Ic

105 4.863E-06 2.745E-06 1.3651-06 8.981E-07 4.460E-07 .... 2.799F-C7 2.630E-07
,IC 8.6151-06 :.0C2t-06 7.58CE-C6 1.705E-06 8.424E-07 5.162E-07 4.850e-07
', 14 1 -16-05 7.257E-06 3.79qE-C6 2.534E-06 1.252E-06- -"7."45"2-07 6.94?E-07

1219 1.480E-05 9.588E-06 5.137E-06 3.452E-06 1.709E-06 9.961E-C7 9.156E-07
1524 1.830E-05 1.224E-05 6.687E-06 4.535E-06 2.271E-C6 1.321E-06 1.201E-06

FLIGHT NC. 97 FILT'R NO. 5
PATH FADIANCE FROM GROUNO TO ALTITUCEIWATTSISTER.SC.g MICRO l.)

ALTITU!'E ZENITH ANGLE OF PATH OF SIGHT (DEGPEES)
P T;-:6S 9j C500 I5 12C 150 18C

ý,5 9.231-06 4.779E-06 2.426E-06 1.607L-06 7.965E-07 4.605F-07 4.0131-07
40 1.575E-05 9.754i-06 5.131E-06 3.438F-06 1.719E-06 1.O00F-06 8.878C-07
)14 1.987E-05 1.3041-05 7.114E-% 4.823F-06 2.4291-06 1.402C-06 1.244E-C6

121') 2.302r-05 1.561E-05 8.8e6E-06 6.089F-06 3.092F-C6 1.7759-06 1.5708-06
1524 2.6258-05 1.872E-05 1.081E-05 7.484t-06 3.841E-06 2.200t-C6 1.936E-06

r
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AZIMUTH OF PATH OF SI.HT
FLIGHT NO. 97 FILTER NO. 1

DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE
ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGRFES)

MITERS 93 95 0OC ICs 120 1i sR0
305 1.427E-01 7.233E-02 3.223F-02 1.9881:-02 8.749E-03 4.714F-03 4.7581-03
olO 3.760E-01 1.7881-01 7.5,)6E-02 _4.552E-02 1.942E-02 9.982E-03 9.748E-03
'#14 7.168E-OE 3.2li9-C1 1.239E-01 7.344E-02 3.041E-02 1.497T-02 1.4121-02

1219 1.155E 00 4.588E-01 1.7161-01 9.987E-02 4.034E-C2 1.927E-C2 1.786t-07
1524 1.877E 00 6.648F-01 2.3281-C1 1.323E-01 5.182E-02 2.400E-02 2.196F-02

FLIGHT NO. 97 FILTER NO. 2
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALYIT-UUE ZENITH -ANGLE OF PATH CF SIGHT (DEGREFSI
-ETVRS 93 95 IoC ICS 120 150 1•c

30. 5 1.459F-01 7.44-E-02 3.3201-02 2.C44E-02 6.846E-03 4.592E-03 4.456t-03
'010 4.039F-01 1.940E-01 8.190E-02 4.94TE-02 2.086E-02 1.045F-02 9.9821-03
114 6.-• T--61 -3.133E-01 " "E-C1 7.-546-02 3--sT---w2 -- 5-1-9- 1.392F-02

1219 1.165E 00 4.765E-01 1.8141-Cl 1.060E-01 4.2721-02 1.997E-02 1.810E-07----- 2 .... 2.128E' -R^- 5•E; 2-.878-01 1.5741-01 6.493E-•2 2.7531-02 2.481E-0?

______ -FLTCWTW~.-7- EaTECR Nt 3 -__

DIRECTIONAL PATH REFLECTANCE FRCM GROUND TO ALTITUDE
----~i5 -------- --- ----l- ---------------- ----------

MtTERS 93 95 1oo 105 120 150 1I0
----- 3.... 03e2 - 3.2 ..... 1.T5'-6-2-" 9.355E-03 3.913E-0Or -.... O15=0T "- 2.013E-03

o10 1.386E-01 7.056E-02 3.083E-02 1.870E-02 7.809E-03 3.878E-03 3.741E-03
414 2.3791-01 1.173E-01 5.0061-023---O7E-02 1.2451-02 5.8941-03 5.410E-03

- 1219 3.937E-0 1.-39E-01 7.541--02 4.4681-02- 1.792E-02 8.0ooE-03 7.205E-03
1524 6.543E-01 2.859E-01 1.116F-01 6.469E-02 2.SC3E-02 1i.07-02W-:V 9.5431-03

FLIGHT NO. 97 FILTER NO.-5
OIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT I-EGREES)
'ETERS 93 95 C -0 105 120 150 IPO

305 1.83fz-01 9.3251-02 #.116E-02 2.512E-02 1.0531-02 5.177F-C3 4.871E-03
S10 5.013r-O1 2.394F-01 I.OC3E-Ol 6.0C3E-02 2.456E-02 1.1751-02 1.C93E-02
914 8.5341-01 3.856E-01 1.554E-G1 9.1931-07 3.704E-02 1.716F-02 1.552F-02
1...19_j ... 3. t191 00 5.563E-01 2.149E-01 __1.253E-01 4.960E-02 2.236E-02 1.983E-02
15?4 2.091E-00 . .. 081E-01 2.953E-01 1.669E-01 6.498E-02 2.833F-02 2.475E-02
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AtIMUTH OF PATH OF SIGHT = 9C
FLIGHT NO. 97 FILsER NO. I

bIRECTIONAL PATH REFLECTANCE FROM GROLND TO ALTITUDE
ALTITUUE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)

MATERS 93 95 IOL 105 120 150 1dO
Wd5 1.077F-01 5.575E-02 2.598E-02 1.681E-02 8.241E-03 5.029E-03 4.758E-03

- dO,10 2. 714F-01 _ 1.321F-01 5.851E-02 3.T21E-02 1.788E-C2 i.058E-02 9.748E-03
414 4.966E-01 2.227E-01 9.328E-C2 5.824E-02 2.?35E-02 1.563E-02 1.412F-02

1219 7.725E-01 3.164r-O1 1.259E-Cl 7.735E-02 3.570E-02 1.998E-02 1.7861-02
15?4 1.182E 00 4.361E-01 1.642E-01 9.918E-02 '4.99E-02 2.476L-02 2.196E-O'

. FLIGHT NO.- 97 - FILTER NO. 2
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTIlUtE ZENITH ANGLE OF PATH OF SIGHT (DEGREESi
P'TERS 93 95 Ioc 105 120 150 180

305 1.048E-O 5.460E-02 2.562E-C2 1.660E-02 8.135E-03 4.867E-03 4.456E-03
o1O 2.815E-01 1.382E-01 6.158E-02 3.921E-02 l.8e3E-02 1.102F-02 9.982E-03
914 4.812E-01 2.208E-01 9.399E-02 5.B92E-02 ... 2768E-O2 1.56-T2- 1.392E-O?

1219 7.639E-01 3.217E-01 1.302E-01 8.029E-02 3.706E-02 2.052E-02 1.8IOE-O
l')4 1.355i 00 5.042F-01 -1.899E-C1 1.f46E-C1 5.180E-02 2.822E-;02 2.46IE-0O

UIRECTIONAL PATH REFLECTANCE FRCM GROUND TO ALTITUDE
ALT[IIUIE ZENITH ANGLE OF PATH OF SIGHT (DECREES)

lTý-RS 03 95 100 IC5 120 150 1d0
1i5 4.353E-02 2.314E-02 1.ICOE-02 7.134E-03 3.481E-C3 2.124F-03 2.013E-03
,10 -4 ..955E-.2. 4.669E-02 2.114E-02 1.400E-02 6.7585-03 4.035E-03 3.741F-03
°Jt4 1.495E-01 7.562E-02 3.'430E-02 -2.190E-02 1.040E-C2 5.986"E-03 5.410E-03

1219 2.3U7E-01 1.115F-Ol 4.9C2E-02 3.097E-C2 1.450E-02 8.09SE-G3 7.205k-03
1524 3.522E-01 1.607E-01 6.817E-C2 4.257E-02 1.969E-02 1.080-C2 9.543E-03

---------------FLIGHT NO. 97 FILTER NO. 5
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUCE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
M0TERS 93 95 100 105 120 150 160

105 1.242E-01 6.447E-02 3.005E-02 1.931E-02 9.239E-03 5.305E-03 4.871E-03
"10 3.261E-01 1.601E-01 7.1265-02 4.513E-02 2.130E-02 1.208E-C2 1.093E-02

•14 5.447E-01 2.528E-01 1.0821-01 6.764E-02 3.142E-02 1.740E-02 1.552E-02
1219 8.150F-01 3.544E-01 1.459E-01 9#013F-02 4.130E-02 2.247F-02 1.903E-07
1!,4 1.21oE 00 4.883E-01 1.923E-01 1.172F-01 5.292L-02 2.827E-02 2.4755-O0
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A_ AZIMUTH CF PATH OF SIGHT * 180
FLIGHTfNO.-97 FILTIR NO. I

DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE
ALTITUWE ZENITH ANGLE OF PATH CF SIGHT (CEGREES)

M4ETLRS q3 95 !OC 105 120 150 1C
105 1.058E-01 5.567E-O? 2.703E-C,' 1.811E-02 9.828E-03 6.624E-03 4.758t-03

_____.0 2.694E-01 1.330F-01 6.1C61-C2 4.016E-02 2.123E-02 1.374k-02 9.74Fc-0
3

-U. 4.987--01 2.26CE-01 9.49F2-02 6.3122-02 3.252E-02 1.993E-C2 1.4122-Cl
1219 _ 7.860E-01 3.253E-01 1.335E-01 8.455f-02 4.280E-02 2.528E-02 1.786F-0,
1524 1.2222F 0 - 4.5549-01 1.707E-C1 1.102E-01 5.515E-02 3.1361-02 2.1961-01

-.. - -...... FLIGHT NO. 97 FILTER NC. 2
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUL4E ZtNITH ANCLE OF PATH OF SIGHT (DEGREES)
PLT ;RS ')3 95 lOC 1C : 120 150 I O -0

;)5 1.052t-c1 5.554E-0W ?.701F-O/ 1.809E-02 9.708E-03 6.296E-C3 4.456c-0
"'10 2.829k-01 1.407F-01 6.490E-02 4.273E-C1 2.249E-02 1.431F-02 9.982E-0'
14 4.-0-2-01- 2.230C-O1 9.7c6E-o2 6.333E-02 -3.2A E-02.. 1'.970-CZ2 -1.392E-G?

1219 7.710E-01 3.285E-01 1.3701-01 8.718F-02 4.408E-02 2.578F-02 1.810E-C,
..I2 -.... -• . 5.30'7F-01 2.061E-01 1.285E-01 6.435F-02 3.5861-02 2.481F-02

------------------- ------------------

FLIGHT X.- 97 FILTi.1 NO. 3
DIRECTIONAL PATH REFLECTAV, FR(Rk% GAOuND TO ALTITUDE

'ALT ITUDE --------------------- Z'fth ANC', 'IF P41i%~
PETERS 93 95 100 105 12C 150 100

"" 0 i!-o2 . 322E-02 1.V.E-02 1.896E-03 4.4272-03 3.151F-03 2o013E-03
610 8.838E-02 4.673E-02 2.2671-02 1.525.-02 8.3352-03 5.745E-03 3.741E-03
?14 1.467E-01 7.517F-02 3.5381-C2 2.347E-02 1.253E-C2 8.1601-03 5.4101-03

2129 . .289E-01 1.121E-01 5.115E-02 3.357E-02 1.782E-02 1.083F-02 7.205F-03152- 3.551E-01 1.646--01 7.267-202- .... '7352-02 2.5282-02 1.454F-02 9.543E-0'

FLIGHT NO. q7 FILTER NO. 5
"IRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITU-,F ZENITH ANGLE OF PATH OF SIGHT (DEGREESi
P. TLRS.R 93 q5 ICo IC5 12C 150 lOC

305 1.2481-01 .. 6.569L-02 3.181E-02 2.121E-02 1.1251-02 6.9202-03 4.871-0
610 3.294F-0C .... 1.6422-01 7.603E-02 5.0021-02 2.638E-02 1.595E-02 1.0934--C;
914 5.478F-01 2.581E-01 1.147E-01 7.434E-02 3o847E-02 2.751E-C2 1.552--C2

1219 _ 8.250E-01 3.6391-01 1.5532-01 9.941E-02 5.OECE-C2 2.864E-02 1.983i-O?
1524 1.250E 00 5.085E-01 2.C76E-01 1.314E-01 6.648F-02 3.587E-02 2.475F-C/

6-138



I

AlIFUTH CF PATH CF SI1HT = 270
FLIGHT NO. 97 FILTER NO. 1

LIRECTIUNAL PATH REFLECTANCE FROM GROUND TO ALTITUDE
ALTITUDE Zt-NITH ANGLE OF PATH OF SIGHT (DEGREESI

PmTrRS 93 91 lOC 105 12C 250 1•C
105 1.048E-01 5.435E-02 2.549E-02 1,655E-02 8.203E-03 5.106E-03 4.758E-01

o 10__ 2.666E-01 1.2qT7F-O1 5.752E-02 3.659E-02 1.__I-763E-02 1.0581-02 9.748F-03
914 4..910E-01 2.198F-01 9.193E-02 5.733E-02 .2.6908-02 1.555r-02 1.412F-0.'
1219 7.c.22E-O1 3.12C0t-01 1.239E-01 7.604E-02 3.506E-02 1.987T-02 1.786i-Oi
1524 1.157t 00 4.273E-01 1.609E-01 9.718E-02 4.415E-02 2.466E-C2 2.196E-0O'

FLIGHT NO. 97 - FILTER NO. 2
GIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTIIU4.E ZLNITH ANGLE OF PATH OF SIGHT (DEGR.FS)
9pItR 93 95 IoC IC5 120 150 IC

•5 1.038E-01 5.407E-02 2..536E-02 1.640E-02 8.010E-03 4.817E-03 4.4568-03
"-10 2.789L-01 1.3C88-c1 6.,086E-02 3.865E-02 1.646E-02 1.086F-02 9.982E-CA
14 4.769F-01 2.186F-0"1 9.272E--- C2 -5.393-0r02 .. 2,-l'b-b2 - 1.536E-02 1.392F-02

1219 7.514E-01 3.165E-01 1.278E-Cl 7.e62E-02 3.612E-02 2.018e-02 1.1OE-C?
15ý4 1.317F 00 4.914•-01 1.852E-Cl 1.118E-01 5.066E-02 2.800E-02 2.481E-02

FLIGHT NO. 97 FILTER NC. 3
OIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALT71UDE

ALTITU!'E ZFNITH ANGLE OF PATH CF SIGHT (DEGREES)
RLTLRS 93 95 lO 1C5 120 150 180

305 4.282E-02 2.277E-02 1.084E-C' 7.026E-03 3.44CE-C3 2 2.14E03-..013E-03
. 10 8.871E-02 4.619E-02 2.144E-02 1.376E-02 6.601F-03 3.992E-03 3.741E-03
)14 1.468E-01 7.41f21-C? 3.348E-C? 2.126E-02 'i.01-b 02 f 3d-. F31EfTY- 5 .-4fOE-:O3

1219 _2.2638E-01 - 1.04F-01 4.786E-02 3.CC7E-02 1.394E-C2 7.881E-03 7.205F-03
15i4 3.397E-01 1.552F-01 6.571E-02 4.094E-C2 1.8e6E-C2 1.057E-02 9.543E-03

FLIGHT KC. 97 FILT90 NC. 5
GIRECTIGNAL PATH REFLECTANCE FROM GROLNO TO ALTITUDE

ALTITULE ZNITH ANGLE OF PATH CF SIGHT (CEGOEFS)
tfT-Rý 93 9.) ICo 1-5 120 150 l1C

1$5 1.294E-G1 6.726E-02 3.149E-0? 2.031E-02 9.8C4E-03 5.601F-C3 4.871F-03
,10 3.304F-01 1.625E-01 7.250E-02 4.599L-02 2.179E-02 1.238E-02 1.093E-ol
?14 5.440E-01 2.5311:-Cl I.G85f-cl 6.791E-:2 3.162E-02 1.T61.-C2 1.552t-02

1219 8.087E-01 3.5258-01 1.453E-Cl 8.9851-02 4.124E-C2 2.261E-C2 1.983E-C,"
15.4 1.1191- 00 4.794E-01 1.895k-Cl 1.157F-O1 5.249E-02 2.e42E-C2 2.475E-C,
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FLIGHT 98

Moonlight. This flight was made in the Lop Buri area. Away from the city of Lop Buri the ground cover

consisted of harvested-crop areas. There was considerable artificial ground lighting in the area. There

were high thin cirrus clouds with haze near the ground. Data-taking started at 2112 local time and ended

at 2325. The moon phase angle was 37', the moon zenith angle during sky radiance data-taking ranged

from 12°, to 10 at transit, to 120.
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- - .FLJ, c.T FILftL NO. 1
IRRAn|ANCe(WATTS/SQ.M.MICRO M.)

ALTIT•!•. .jQPW- UP- SCALAR SCALAR SCALAR SCALAR
(METLRS) WELLING WELLING ALSEDO DOWNWELLING UPWELLING TOTAL ALSEDO

147 8.ZIPE-04 7.0611;-05 .Oou 1.252f.-03 1.o92E-04 1.422E-03 .135
439 1.083E-03 7.748L-05 .072 1.522%-03 1.836E-04 1.7061-03 .121
74.9. 1,1731-03 7.4011'-05 .063 1..33:'-03 1.955c-0

4  
1.828L-03 .120

1343 9.861E-U4 9.441'-U5 .09t, 1.425e-03 '.45SE-04 1.671t-03 .172
13*14t 'i.4t3.JE-04 9.59ao -05 .1(12 1..413t--Ol 2.544E-04 1.6681-0Ol .160
1663 7.603ý-04 1.?180-.4 .160 1.192,-03 3.077F-04 1.499t-03 .258

"FLIGHT NO,98 FILTOR NO. 2
IRRADIAlCE(WATTS/SQ.M.NIC1O H.)

ALTITUDE COWN- UP- SCALAP SCALAR SCALAR %CALAR
(METEqS) WELLING _WELLING ALVEDOO. DOWNWELLING UPWELLING TOVAL ALSEDC

146 9.570E-04 7.4831t-V5 .078 1.405E-03 1.763F-04 1.582E-03 .125
4A7 .0R91~3 929L5 *)5 _ 1.519L-03 2.1351-04 1.733F-03 .141
749 1.012E-03 9.510L-05 .094 1.4791-03 2.258F-04 1.70SE-03 .153

1.43 I.QO7E-"O 1.084F-04 *1C7 1.470":-03 2.629E-04 1.733L-C3 .179
1664 1.130F-03 1.198F-04 .106 1.549L-03 2.952L-04 1.844E-03 .191

FLIGHT NO.98 FILTVE NO. 3
IRRADIANCEIWATTS/SQ.H.MICRO 9.1

ALTITUDE DOlN- UP- SCALAA SCALA- SCALAR SCALAR
IMETLAS) WELLING. WELLING ALrEDO DOWNWELLING UPWELLING TOTAL ALKECO

•3 3.274•--04 1.280E-04 .156 1.258E-03 ý'.808E-04 1.539F-03 .223
-44U 1-4. -70.. W_7.43biOA .1 -193 1.8•3•-03 o.8491-04 2.548E-03 .368
749 8.659r-04 1.320ý-04 .152 1.303E-03 2.8981-04 1.593E-03 .227

1U433 -. l.392.E-Jk 1.274L-04 .172 1.163E-03 2.9t0F-04 1.458E-03 .254
1375 Q.085r-64 t.125F-04 .124 1.321r-03 2.809L-04 1.6021-C3 .213
-1664- 1.433E-03 1.834F-04 .124 1.8

6
9c-03 4.049F-04 2.274L-03 .217

.... .- FLIGHT NO.98 IILTIR 409 4
IRRAOIANCEIWATTS/SQ.M.MICRO M.)

.ALT.ITUDE DOWN- UP- SCALAR SCALAR SCALAR SCALAR
(METERS) WELLING WELLING ALBEDO DO0NWELLING UPWELLING TOTAL ALEDO

- _lbý 6..272E7-.4 1.843E-04 .2q4 9.498E-04 ,.662E-04 1.316E-03 .386
439 1.359L-03 2.178F.-04 .160 1.696C-03 4.517C-04 2.146E-03 .266
1-9 7.e0Z-,P- 2.17?F-04 .278 1.108E-03 4.484t-04 1.557E-03 .405

1043 6.433E-04 2.000E-04 .311 9.858E-04 4.049F-04 1.391E-C3 .411
..137-. 1.134K.-03 2.240E-04 .197 1.473.-03 4.553E-04 1.9290-03 .309

1665 t.OB70-U3 2.173--04 .2C0 1.4)5t-03 4.464E-04 1.861F-03 .316

FLIGHT NO.98 FILTER NO. 5
IRRAOIANCE(WATTS/SQ.M.NICRO A.)

LIU DO...•wN-- UP- SCALAR SCALAR SCALAR SCALAR
A"..PM._ - .ELLN. WELLING ALBEDO DOWNWELLING UPWELLING TOTAL ALBEDO

133 9.365E-04 7.987E-05 .065 1.387E-03 1.77SE-04 1.564E-03 .128
-- - -- - -- - -- -.... .•r9_--0 9.496E-05 .083 1.6221-03 2.262E-04 1.84SE-03 .139

748 8.745E-04 1.036E-04 .118 1.348E-03 2.458E-04' 1.594E-03 .182
_.I042 8.007E-04 1.1301-04 .142 1.282E-03 2.772k-04 1.5596-C3 *Z16
1f371 -1--199--03 1.279F-04 .107 "1.698E-03 3.092E-04 2.00?S-03 .182
1664 9.530C.-04 1.629F-04 .171 1.426E-03 3.850E-04 1.811'-C3 .270
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I

FLIGHT NO. 98
AZIMUTH V PATH OF SIGHT t

QInICTIONAL REFLECTANCE GF PACKG-OUN0
ZENITH FILTLRS

ANGLE 1 ? 5 1
93 .197ýO .1b999 .1)327 .21106
95 .15213 .1331Q .12491 .16919
100 .095q9 .16P34 IC337 .34121
105 .06222 09•64 *Ck278 .14481
120 .06729 .07601 .C969b .14434
150 .07920 .05294 3IC787 .14763
180 .07864 .07640 .,E164 .13915

FLIGHT NO. 98

AZIMtUTH CF-RA'i-c-1Thtt CFSWiT*

DIRECTIONAL REFLECTANCE OF BACKGAUUC.N
ZENITH . E.LTs.Ell

ANGLE 1 2 5 3 4
93 .17717 .16139 .16491 .387B5
95 .12679 .1269d .11979 .1o739

100 .08991 .10362 .06q30 .13791
105 .06538 .08364 .C8566 .16156
120 OL4042 .08925 .035607 .14502
150 .*)8633 .06603 .Cq745 .14883
180 *07864 .07640 .08164 .13915

FLIC;HT NO* 98
AZIMUTh OF PATH CF SIGHT - 170

1,IHCTIDNAL UFLLCTANCE PF 8ACKGiCLOU
ZENITH FIL•tAS

ANGLE 1 4 5
93 .14315 .16117 .13639 .21305
95 .12839 .127C5 .11487 .18227

100 .104f2 .13163 .C9591 .15556
105 .*9627 .09634 .09032 .16717
120 .388o .04215 .0e274 .1951T
150 .C-105 .07876 .C

9 6
43 .15257

180 .07Eu4 .07640 .0164 .13915

FLIGHT NO. 98
S....A41MUTH OF PATH GF SIGHT z 270

DIRMCIGNAL REfFUMCM4CE tlF BACKGROUNU
-ZENIlit FILTLRS

ANGLE 1 2 5 34
9• _ .1711?5 .19871 .14813 .21773
95 .12445 .12259 i11489 .16e71

100 .11481 .10393 Ocpdl2 .14396
15 .09618 .091It .04096 .ltoOlO

..120 Ga•740 L5f941 .11272 .145l95
150 .10524 .07350 .0796.1 .18356

SIe0 .078o4 .07640 .08164 .13q15
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-ikfi E---'•t36"6"-'-- FLIGHT- NO. 98+ GROJUND LEVEL ALTITUDE I M.),, $1 IUPN!

-A•i•TfTUDE -- -...-TOTrAL SCATTERING COEFFICIENT (PER METER)

,• 6ý.229"E-05 ") .201;'-05 3.o2"7"E-05 5.056E-05
---- ...... 3._ ....... 208.L-05 5.,,184E-05 3,,26?E-05 5.060E-05

St 6. 6iBE-OS 5. 167E-02 3. 256EF-05 5. 0231-05

122 6.147E-05 5.132E-05 3.234E-05 4.989E-05
---- ...... -------- ......... tj +._+-.~k o _ . . ,IIsf +_ ------ 3_._2 2_4E--qs+ ... .973E-05

183 'P.9421-05 4,915E.-05 3,237E,-05--- 4.6B40E-05
S.....-- ........ --------- ý .t& Zk-- _ . k... A:549 •.-0S . .. . 3 137.•-0.5 ... .824E--05

244 5.706E-0)5 4.060F-065 ----- Kd0:931 --05 .6,62E-05
274 5.496t:-05 4,.051E-05 2.984E-05 4.4181-05
305 5.176E-5 3,;21-5 283-05 4.2'55E-05

S.... _•3• ... ... 4 .844 -0. ..... °11 F-0 2.64E-54.174E-05
3"k 4.814E-05 4.248F-05 2.568E-05 4.245E-05
39 ... 4_ .. ..._.7.E-.0. 4.308t.. .-. ••• .-.. 2.?.~S.F-os. 4.. .24+6E-05

427 o996-05 6,33F.-0 2,5XE-54.534t-05
427 51208E-05 4,398E-05 2.756L-05 -4.60GE-05
488 - -.3E0 °7-2• -- 5 -2,-6-8 1 F-0ý5 4...4316E-05

S469 5,098S--05 4.002E-05 2.536F.-05 4.324E-05
511.4 4.964E-05 4.00TE-O5 2.512E-05 4.242E-05

640 4.746E-05 3.906E-U5 2.461E-05 3.906E-05
S71 .TE- -- 80¥•0 --- 'O" -- 6--+-- )- - 37;989E-05

732 4.522E--05 'ýo042E-05 2".6S3E--05 4.38SE-05
7(A2 4,t*641-05 4.133E-05 2. 872t:-05 4..,607E-05
792 4.8051-05 4. 558k--05 3002"/Z'-05 4.734E-05
823 5.096E-05 4.882E-05 3.126E-05 _4.839E-05
853 5.745E-05 5.074E-05 3.161E-05 4.4690"1E-05S

S.....•).'PA.. .. . q+-... k-s -5.198e-F s .. 0 .5 .- .•t O_% ..... 5.08.)E-05
914 6.161E-05 5•.396E-05- 3.234E-05 5.25,)E-05

---- M... 9 • .... .F-_5 .4 '071t-05• 3.318F-05 5. 538!'E-05
975 6* 3"9E-05 5,51SF-05 i3,366E-05ý 5.4751-05

].06, 6.583E-0 OS 1.449TP'O!A_3, Lo-• -5,459"'-05
1036 6.T2TE-O5 5°765E°05 3.494E-05 5.46,.:-05

1097 6.82SE-05 5.939E-05 3.499E-05 5. 56BE-..O
1126 6.876F-05 6.029E•-05 3.537E-05 5.64S1-05
11561 ••[8+-5.. 6,;S3.•-0f iE 5 -, • "-+ 5- •J... 72IC-05

_-.-.1•..•---_•,860-O k.+ k7,.O,?AlE--o_ _3ýk611Ti-05_ 5.775E-05
1219 7.O004r-05 6 .162E-05 3.597E-05 5o7881-05

------ .12, -.--......... T..0.1 -5•-o5 _ 6..IT•E7Q--+. --3.61,6. E-0.5-.._ 5.842E-05
1280 7,015L-05 6.23I1-05 3.666E-05 5,81gE-GS
-1.•3.11 ------------ T,.q36E-05 6.206F-05 3.3?.04E-05 .. _5,8211-05
1341 7, OrlOim-OS 6.07B10E 373-05 5.714E-05
1372 -T•,U5•;-05 + 6,180-05 3.70O.E-O_5 ... .67SE-O5
1402 7.030E.-05 6.078S.-05 3,-7311-065 5.660E-05

--- ..... L--• ........ 222E-05 5.996E-05 3.7-26E-05 ---- S,, 5"E-05
1463 ----- Y 9 6E - 0-5 6.151E-05 1.803L-05 6.606OSE-O05
S... 1•..• ....... "..1.TE_- OS_ +.6.1TI-05 3,1E-0 6.039E-05

_. 2 _7..00E94+F-0_5 _6.46E-05 +_3.794E--05__ 6.29f-SE-0

1585 6.846E-05 6.452E-05 3.814E-05 6.21T7E-05
.1615 .--. 6. 740[--05 6.,560+E-05 + 3.8.131-0 S 6.125"S0
Z.646 6,91IF-05 6.567E-05 3oT96E-O5 6.33,4'C05

_1.. 67b_ .. .. ,o2i-05 6.545F-05 3.784E-05S 6.313E-05
I 707 6. e40E-')!5 6 -6,5 23";'• .... "Z; "Y" "---"-"- 6o2921-05

_k737 6,817E-05 6.S01E-05 3,758E-05 6.271E-05
1- ]76b8 .. .6.70-4•-1::5 6,46 8+O-b"-'O-S ..- "'1L- '-.. 6.230T-;05
1798 6.772E-05 6.458E-05 3.733E-05 6.230E-05

-- 1829 6.749L-67" -6.,31PE-+5" -3•'lf1t-'05+ .... 6,,20VE-05

LAST DATA ALT. 56 55 +55 -- 55' 55
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I

FkkGNT NO. 98 FILTECN NO. I
EA0"TRANSMITTANCi FROM GROUND-TO- ALTITU6E

ALTITUtit ZENITH ANGLE OF PATH uF SIGHT (OEGREES$
MtTlRb 93. . 100 105 120 150 180

W5 .7048935 *d121275 .9008231 .9323232 .9643762 .9792751 .9420266
,lt .b217718 .-615665 .86249661 .8788908 .9353595 .9621537 .9671399

',14 . 8.7t43? .5717097 .7553079 .8283814 .9071371 .94528643 .9524314

1219 .2549854 .4530967 .6771076 .7659922 .871104, .9234204 *9331296
b• 4 .1636947 .3535332 .*934076 .70&5902 .83423CE .9006469 .9133623

FLIGHT NO. 96 FILIE- NG. 2
CA" IRANSP.ITIANCF FROM GROUND TO ALTIfULE

ALTIlUlE Z.-NIIH ANGLE OF PATH CF SIGHT (DEGREES)
MET1- RS I 15 ' 1o5 :20 150 180

,.5 .!545338 .8457216 .9193370 .9451360 .9712139 .9832779 .9855019
"'If, .58o680G .7303279 .8;40765 .8995793 .946692A .9688673 .9729814
',14 .4481038 .6257278 .790•36 .8539531 .9215261 .9539124 •9599615

1219 .3132793 .5102396 .7133P" .7972503 .8893?74 .9345246 .9430416
1.'4 .?134862 .4115406 .6404274 .7415762 .856619C .9145237 .9255371

FLIGHT NO. 98 FILTER 10. 3
BEAM TRANSMITTANCE FROM GROUND To ALTITUDE

ALT1.UWL ......... ZENITH ANGLE QF PATH O]f SIGHT (DEGREES)
METERS 93 95 lOG 105 12c 150 180

Y,5 _.__8Z97.541 .894853-Z-... .94578?0 .9632912 .9808268 .9888851 .9903670

610 .7089977 .8165701 .9032930 .9340376 .9652937 .9798129 .9124936

'.14 -9. -19765 .739,3013 _.8593304 .9032884 .9487113 .9700594 .9740181
1219 .4812656 .6546363 .8084415 .8670400 .9288096 .9582580 .9637477

-15 .3813369 .5747496 - _A75M709 .8298620 .9079760 .9457889 .9528777

FLIGHT NO. 98 FILI!; '%0. 4
BEAM TRANSMITTANCE FROM GROUND TO ALTITUVE

M.TITUWE ... NIT.. GTHANG9__E.PPATHOF SIGHT (DEGREES)
m1Tk!S 93 95 100 105 120 150 ISO

305
610
,o 14

1'19
li 4

FLI.,H1 "o. 9' t1LT N,
.1AM TRANSPITrANC, FROM uROUND TO ALTITUDE

ALTITU3.E ZLNIIH ANGLE OF PATH VF SIGHT lOEG4Et-:)
MLTRS -)3 95 lO0 105 120 1O 0 IAO

""U5 .7522101 .8441377 .91847,"4 .9445395 .970e966 .9830924 .9853409

(,I) .,805376 .7,57508 .8513887 .s7679C .9456571 .9682552 .9724490

914 .44)5130 .6194682 .7863435 .3510668 .9199125 .9529477 .9591207

1219 .312R785 .51OC172 .7132371 .7971333 .RB9259E .9344836 .943C057
IV14 .211037? .4157407 .6436996 .7( -'3 .856136b .9154587 .9263566
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AZIMUTH OF PATH OF SIGHT m 0
FLIGHT NO 960- FITER -N. -1

PATH RADIANCE FROM GROUND TO ALTITUOEtWATTSISTER.SQ.N MICRO H.)
ALTITUOE 2ENIT H ------- OFPT FS-T~~~)

METERS 93 95 100 105 120 150 11W
305 3.226E-05 1.890E-05- 9.5292-06 " 6.2451-06 3.023E-06 1.7SIF-06 1.691E-06

--- 610 5o.380E-05 - 3.365F-05 1.768E-05 1.178--05 5.841E-06 3.4901-06 3.4321-06
914 7.063E-05 4.687E-05 - 2.558E-05 1.7282-05 8.712E-06 5.277E-06 5.226L-06

1219 8.426t-05 6.0O5E-03 3.447E-05 2.372E-05 1.217E-05 7.391E-06 7.266t-06
1524 9.421E-05 7.132E-05 4.2882-05 2.9981-05 1.5S51E-5 9.369L-06 9.098F-C6

FLIGHT NO. 98 FlLl,, 0. Z
.ATH.RAOI.ANCE- FROM GROUND TO ALTITULL(WA fS/STEt.S°.M MICRO M.)

ALl-rU ---E - - ZrNITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 ice 105 120 15r 180

305 ------ 0-iS-5 ----1.664E-0- --- G ?41f-O6 -5.400-5-66 2.609E-06 1.530e-06 1.517E-C6
610 4.825E-05 2.957E-05 1.530E-05 1.014E-05 5.000E-06 3.G011-06 2.9911-C6
914 6.3631k:-05 4. 3 -- •• '7.468E-06 4.523E-06 4.467E-06

1219 7.863E-05 5.451E-05 3.060E-05 2.089E-05 1.064E-05 6.486E-06 6.3S4.--C6
1524 9.062E-05 6.63 ----- 3.80-0 .665r-05 1.383E-05 8.423F-C6 8.277E-06

FLIGHT NO. 98 . ILTER NO. 3
PATH RADIANCE FROM GROUND T0 ALTITUDE(WATTS/STER°SQ.M MICRO H.,)

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 1oo 105 120 15C 180

. 305 2.103E-05 1.186E-05 5.830E-06 3.785F-06 1.810E-06 1.054r-03 1.062F-06
610 3.8582-05 2.2681-05 1.142F-05 7.492f-06 3.652E-06 2.187E-06 2.287t-0

6

914 5.026E-05 3.096Et-05 1.602E-05 1.061!-05 5.2212-C6 3.125E-06 3.194E-06
1219 6.015E-05 3.9002-05 2.082t-05 1.3941-05 6.911E-06 4.1131-C6 4.1202-06
1524 7.040r-05 4.767E-05 2.6111-05 1.762ý--05 8.7621-06 5.167F-06 5.124@-C6

-..... FLIGHT NO. 98 FILTFA NO. 4
...... DtL&DLA12k.rFoM GROUND TO ALTITUDE( ATTS/STER.SG.P RICRC N.)

ALTITUDE ZENITH ANGLE OF PATh OF SIGHT (DEGRFFS)
-METERS _93 95 100 105 12, 150 18a

914
- 1219

1524

.. .. FLIGHT NO. 98 FILTFR •C. 5
PATH RADIANCE FROM GROUND TO ALTITU0E(WATTS/SltZ.5Q.M MICPO V.)

ALT -TU--E ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METEU ------ 93 ----- - 95 100-- - -105 120 150 18

305 2.898E-05 1.672E-05 8.3522-06 5.4612-06 2.651E-06 1.570F-06 1.541,-06
610. 5.024E-05 . 81E_5 _ .7E- .. 1.._0602-05 3.240E-06 3.147F-06 3.1031-C6

914 6.486E-05 4.228E-05 2.278E-05 1.531F-05 7.6651-06 4.5951--06 4.4641-C6
-149 -. 912- -- 0 5.480E-05 3.074E-05 2.096E-05 1.061E-05 6.327E-06 6.047F-06
1524 9.437E-05 6.847F-05 3.964E-05 2.729F-05 1.3881-05 8.241,-L6 7.8941-06
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%, I MU T H CF P A r F I -F 'ý1 G H T = 40FLI;H T 1O0 q8 FILT!P -- 0. 1

PJATH 'AOIANCF FROM t;ROUNC TC ALTITUU[(WATTSISTER.Sr.oP MICRO M.)
ALTIFU TH E,NIIH ANGLE UF PATH UF SIGHT 'DEGREESF

McTtRa )1 15 LOC LOS L20 15C 180
" ".5 •.062L-05 l.qoIE-06 9.19st-06 6.090L-06 3.052E-06 1.358F-06 I.691E-06
1,10 .16ir-O 3.24CF-05 I.71s-.,5 1.156E-05 5.892E-06 3.657"-06 3.432E-06
ý14 6.dlt-05 4.5371-05 ,.4J4P-P5 1.700F-05 8.775F-06 6.489F-06 5.226[-06

12''; o.174l-O5 .835E-05 3.369I-C5 2.335h-05 1.221F-C5 7.6251-06 7.266E-C6
!.•.99 9.101--0 609 -05 4.182E-05 2.945F-05 1.558E-05 9.t38E-06 9.098E-06

FLIGHT %0. 98 FIL]r. tO. 2
,ATH hAVIANCE FROM, ,ROUiO T7 ALTITLOE(WATTSSTERR.SQ.t MICRO N.)

ALTITUW IFN|IH ANGLE OF PATH OF SIGHT IDEGREES)
.100 . .... 105 ..... 120 150 180

305 2.73ZE-05 1.585E-05 8.020E-06 5.312E-06 2#784E-06 1.659E-06 1.517E-06
_ 610 1.630L-0. 2.8 S/9v-05 1.490E-05 9.9-87f-06 5.155E-06 3.180E-06 2.9911-06
914 6.17?4L-05 4.018E-05 2.173E-05 1.472E-05 7.589E-06 4.7121-06 4.467E-06

------ 129 ----- 7U61ik-:05 5.306E-05 ;.OO0E-05- 2.0j6lE-05 1.070E-05 6.7041-06 6.3641-06
1524 816911-05 6.4001-05 3.778E-05 2.639E-05 1.3871-05 8.7281-06 8.2771-06

FLIGHT NO. 98 FILTIP NO. 3
.. AP-ADIWAf(CELfAWIAL-k8UtO TO ALTILTUDE(VATTSIS1.SQ..M4 MICRO NO)

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
-.... S --J-• --- 3. ------------- 95 -------- 0 . 10Q . . ..1260150 1-- 0

405 1.9981-05 1.1321-05 5.6221-06 3.689E-06 1.815E-06 1.1031-06 1.062E-06
ftifl 3-74F-fl5 2-29-- A25Lnh--3A.E0 2.265F-06 2kjA7E-0-
914 4.895E-05 3.0241-05 1.574E-05 1.05OF-05 5.240E-06 3.2111-C6 3.194E-06

121-9 - 5-8&4E7-5 ... f3 LOrO5 ------ 2-044E-05 1.3J9E.-05- 6.950E-06 4.221F-06 4.120E-06
1524 6.698L-05 4.563E-05 2.5,ý66-05 1.7211-05 8.742E-06 5.306E-06 5.124F-06

FLIGHT NO. 98 FILTER NO. 4
PALKAQ14A E fROK -CRq.k~tD JOALI I_9p i(HAJ1jjS/S4TER. SQ.M MICRO N4.1

ALTIrUOE ZtNITH ANGLE OF PATH OF SIGHT (DEGREES)
Or3.Rs 95 100 !05 120 150 18c

FLIGHT NO. 98 FILTLR NO. 5
PATH RADIANCE FROM GROUND TO ALTITUOE(fATTSISTER.SQ.M MICRO N.)

ALTITUWF ZFNITH ANGLE bF PAIH OF-SIGhT IOEGRIE-S)
METtRS 93 95 100 105 120 150 16C

395 2.194E-05 1.6181-05 Lt.1V51-06 -5, .3lbF-06 - 2.659E-06 1.615E-06 1.541E-06
610 _ .••5 3-.00E-05- 16E05.. • 10 5 ._271E-06 3.236E-06 3.103E-06
914 6.340E-35 4.14L1-05 2.241E-05 1,516E-05 7.695E-06 4.690FE-06 .6,46E-06

1219 7.697E-05 5.346E-05 3.016E-05 2. 06SE-05 1.061E-05 6.427E-06 6.047E-06
1524 9.028E-0!• b,593F-05 1.858E-05 2ý681E-05 1.394E-05 8.483E-06 7.894F-06

i6-147



AZIMUTH OF PATH OF SIGHT - 180
FLIGHT N.9FiLTtR ND. I

PATH RA IAC FROM ROUND TO ALIIJTUDE(NATTS/STLR.SQ.M MICRC M.)
ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)

METERS ----...9j - ----- 95 100 105 12r, 150 1•
305 2.964E-05 1.750E-05 8.999t-06 6.018F-06 

3
.071c-06 1.869L-06 1.691E-06

6,10 - _.kZ4SEn05._- 3.164E-05 1.688V-05 1.144E-05 5.926F-06 3.687E-06 3.432E-06
914 6.671E-05 4.447E-05 ?.458F-t 1.686t-05 8.821F-06 5.534E-06 5.226t-06

1219 6,061F-05 5.7sT6--05 3.335F-O 2.321L-05 1.227ý-05 7.6751-06 7.266t:-06
1,:>4 9.003E-05 6.835E-05 4.148E-05 2.932L-05 1.5641-C5 9.701F-C6 9.C981-06

FLIGHT NO. 98 FILTFH NO. 2
PATH RADIANCE FROM GROUND TI ALTITUDE(WATTS/ST f.SC.0 MICRO .)"

ALTITUDE LLNIIH ANGLE OF PATU CF GO C>,: (OEGRELS)
METERS 93 95 1OC 105 120 150 180

105 2.'652L-055 1.543E-05 7.869E-O6 5.2521-06 2.677F-06 1.645F-06 1.517F-06
610 4.po8E-05 2.781E-05 1.4641-05 9,879F-06 5.093E-06 3.17SE-06 2.9911-06
914 6.0E55-05 -3.946E-05 -,1i.452-5S- 1.4601-CS 7.571F-06 4.721r-06 4.467E-06

1219 7T,681-05 5.255F-05 2.976t-05 2.053F-05 1.074t--05 6.706c-06 6.384t-06
11Q4 d.60UL-O5 o.333E-05 3.744F-05 2.621E-05 1.3c9f-C5 8.685 -06 8.277E-06

FLIGHT NO. 98 FILTER NO. 3
PATh AUIANCE FROM GROUND TO ALTITUDE(WATTS/STFR.S.MP MICRO I.)

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
Mi:TFRS 93 9,100 le5 129.' 15C 180

3)5 2.0391-05 1.164F-05 ,,891F-,t 3.929t-06 1.9&5t-C6 1.169'-06 I.C62t-06
tG10 3.396L-05 2.317E-05 1.202F-05 8.118L-06 4.182E-C6 2.490E-06 2.287E-C6
914 4.97tO5-05 •It1F-O5 1.64•7-05 1.119'-u5 1.78t6-Oc 3.611-C6 3.194e-06

1219 - 5.154L-05 3.695E-05 2.124L-CS 1.451E-05 7.506L-06 4.477;-06 4.120E-06
15,4 6.8.dL-05 4.687;-05 2.621r--05 1.'•O•-•S 9.342r-06 5.571r-06 5.124L-06

FLIGHT NO. 98 FILIL!' NU. 4
... PA•TtzAVIANCE FROM (,4OUNC TC ALTITUCEIWATTS/STCR.SG.M MICRO P.)

ALTITUDE ZENITH ANGLE OF PATH fF SIGHT (DEGREES)
M. jRs - 3 95 10o 1(5 120 151) 160

305
- -- 6,10-

914
- 1219

1524

FLIGHT NO. 98 FILTER NO. 5
PATH.-RADIANCE FROM GROUND TO ALTTTU&EIWATTS/STER.:s.M MICRC M.)

ALTITUb)E ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
MET'RS V 95 to0 105 120 150 1uC

3')5 2.700r-05 1.569F 05 7.9601-06 5.2902-06 2.6701'-06 1.638f-06 1.5411-06
610 4.. • 73• -05 2.9?21 15 1.S535-05 1.033E-U5 5.2922-C6 3.2791-06 3.103E-06
914 6.212C-05 4.062E-05 2.209L-Ot 1.o1,2E-05 7.727E-06 4.745F-06 4.4641-06

1Ž19 7.6072-05 5.283E-05 2.908S-C5 2.C56F-05 1.0652-05 6.483F-06 6.047f-06
1524 8.894E-05 6.5002-05 '..lj•--) 2.6oOt-05 1.395'-05 8.494E-06 7.E948-06

6.148



AZIMUTH OF PATH OF SIGHT * 270
-AFl.IGHkY NO. 98 ....... -FT1LFPt- NO.-Y--

PATH RAOIANCE FROM GROUND TO ALTITUOEIWATTSISTER.SQ.N MICRO M.)
ALTITUWE ZL NITH ANGLE OF PATH-OF-SIGHT DEGREES)

CT,,RS 93 95 to0 105 120 150 ISO
i,05 3.142E -05 1.852E-65" 9.4 - 6,294ý-"6 .... 3.1726E-06 1.831E-06 171691E-46
oO 5.211f-05 3.28OF-05 1.747E-05 h.178E-05 6.015E-06 3.686E-06 3.432E-06
')'4 6.35'.-05 4.561, -05 2.521E-05 1723E-5 8o.935E-06 5.577"E-06 5.226E--0

1219 6.257-05 5.89,F-05 3.413F-05 2.367E-05 1.240F-05 7.710E-06 7.266E-06
1i4 9.231'--05 7.O.f--C5 4.243E-05 2.988E-05 1.580E-05 9.737E-06 9098E--66

FLIGHT NU. )6 FILTER NO.- 2
PATH PA&IANCE FROM .ROUNQ T AjTITU- (•AT.1$JTER. ,MMJAO N.)

ALTIIUDE /lfI1H ANGLE OF PATH OF SIGHT (DEGREES)
S..T ---S .. )3. 95--•00 - .....-------------- Q. -------------.......-.. .o ..

105 Z.7171-05 1.514F-05 7.958E-06 5.261E-06 2.626E-06 1.589E-06 1.517E-06
, &-fl d ,A7£-05 _ 1- 1.480E-05 9.925E-,6_-._5- _ - d49-O 6.9 o.
914 6.158E-05 4.006E-05 2.169E-05 1.469E-05 7.540E-06 4.682E-06 4.467E-06

------ 121-9 7.Z7 O - . . 0... ,,OiTh-O. .- - -9. 1.W7J O5 ---... 65.640k6 0 ------. E-._
1524 8.865E-05 6.499F-05 3.616E-05 2.654E-05 1.387E-05 8.592E-06 8.277E-06

FLIGHT :4O. 98 FILIR '40- 3
RATR PADA,.CE FROM G•<UUNC T( AL71TUOE(WATTSISTFR.SQ.A MICRO M.)

ALTITUDE ZtNIIH ANGLE OF PATH CF SIGHT (DEGREES)
aML ,---------------• . 100 1C5 120 150 180

)05 2.I11,5-05 1.20tV-05 6.112k-06 4.081E-06 ?.068E-06 1.189E-06 1.062F-06
- -~1- ~A. 9:X~ ~ 3~06_ .8556-06 2.674F-06 2. 247E-06

914 5.453E-05 3.413E-05 1.833L-05 1.255E-05 6.5276-06 3.661E-06 3.194E-06
-12IR---- 6.392f=0-5---- 4".9 Bf:0,5---- 203Qekz05-Q -.- St4-%8213E-0-6 4.656E-06 4.120E-06
1524 7.315E-05 5.014F-05 2.8201-05 1.945E-05 1.007E-05 5.74SE-06 5.124E-06

FLIGHT NO. 98 FILTER NO. 4
PATh RADIANCE FROM GROUND TO ALTITUDE(WATTS/STER.SQ.P MICRO N.)

ALTITUGE ZENITH ANGLE OF PATH OF SIGHT IDEGREES)
N•RTSe 93 95 100 105 120 1SO I8O

305
6.10 _

914
1219

FLIGHT NO. 98 FILTEK NO. 5
PATH RAV_[ANCE FROM GROUND TO ALTITUDEIWATTS/STER.SQ.M MICRO MN)

ALTI-TUVE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
93 9.T ....-- 93 _ 95 100 105 120 150 180

305 2.738E-05 1.590E-05 -8.052E-06 5.33-••6-6 . ..-62E-06 1.65SE-06 1.541E-06
.4.•.D .,-2.05. 2.961E-05 1.554E-05 . .. 4_E-05 5.335E-06 3.333E-06 3.103E-06

914 6.321E-05 4.130E-05 2.244E-05 1.522E-05 7.805E-06 4.808E-06 4.446E-06
S..21.9. .-... 7*_69E.-05 5.390E-05 3.044E-05 2.091E-05 1.079E-05 6.552E-06 6.047E-06

1524 9.188E-05 6.688E-05 3.906E-05 2.712E-05 1.409E-05 8.510E-06 7.894E-06

"6-149



r -- - -- -- ----- ----
-ALTIMtOFATHD ZENITH ANL OFPT FSGH -DGES

--METER5 ----- __ 95 --- J_- - - 0.5 .120 150 1S0

305 1.750E-o1 8.895E-02 4.044E-02 2.561E-02 1.198E-02 6.83SE-03 6.53M-03

914 7.036E-01 3.134E-01 1.295E-01 7.976E-02 3.672E-02 2.1348E-02 -2.097E-02

ALTITE.9----jp?0- - _Q 5t._4E0- 196E-0__ ANGLE4-0 2.3397E02 3.370E-02 2.976E-02

FLGTN.98 FILTER~ NO. 2
DIRETIOAL ATHREFECTNCEFROM GROUND TO ALTITUDE

WITIUD - 'ZNTHANG O-F- P-ATH OFSIH(DGES
Mt0 39 100 105 120 150 180

5.f38-0 -2.3418-072 -1.479Y-02 7.08-3 '.1046-E3- 5-052E-03
0 i : -- 6,174E76 11F6-0 1.8378-02 3 7E0 .4E0

01 .0E0I 1.329E-01 5.088E-02 3t.699E-02 1.734E-02 1.017E-02 1.009E-02

91 461EU-.-'-2..2 -14WOI 9-- 9177E:O2-5.Q2r-02 2.660E-02 1.557E-02 1.6238-02

129 a20-1 3.1498E-01 1.4098-01 8.6002E-02 3.928E-02 2.275E-02 2.0222-02

FLIGHT NO. 98 FILTER NO. 3

ALTIUDEZENITH ANGLE OF PATH OF -SIGHT (DEýGREES)
- 95 10 105 --- 120 150 IS0

------ ------- - FL------------9---FILT --R - --O. -5

ALii--TUDE- ZENITH ANGLE OF PAHO IH DGES
-ETERS 93 95- -------- 00-------- g- 105 120 150 180

61524



AZIMUTH OF PATH O• SIGHT * 90 _

' ,•F�GIT NO. 98 ILTER L O. E
--------------------------- JOWL --------------•------ ---A.. -- -
ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)

...TE----------.........95 100 105 120 iso Iao
305 1.660E-01 8.479E-02 3.898E-02 2....297"-2 .... 2"10E-02 7.255E-03 - -

_7 . t? , 67 r01 1.817E-01- 7.959E-02 5.027E-0_ 2.408E-02 1.453E-02 1.35.6-02

914 6.791E-01 3.034E-01 1.2b3E-O1 7.847E-02 3.'69i8-02 2.220E-02 2.C97E-02
1219 1.225E 00 4.923F-01 1.916E-01 1.165E-01 5.359E-02 3.157E-02 2.976E-02
1524 2.125E 00 7.471E-01 2.694'.-01 1.598E-01 7.139E-02 4.091E-02 3.8OBE-02

FLIGHT NW. 98 FILTER NO. 2
UlIRECl IONAL YATH. R8fLErTANLJ f,,Q.P T ----- ---------

ALTIItokE ZENITH ANGLE OF PATH OF SIGHT IDEGREES)
METL0__ 'I. ) ---------------...95 -- 19 ------------ . . . . •. . .---- ---------0 T0.

',,5 1.189•-o1 6.lb2E-, • 2.8(41E-02 1.845E-02 9.410E-03 5.539E-03 5.055E-03
_610- -.. - - -Ap&k 1A.-788-02 1.077E-02 . 1.009.E-02

14 4.523t-01 2.108lE-O 9.02SE-02 5.6591-02 2.703E-02 1.622E-02 1.52SE-02
12VI ------ 3-h a 9P - .. A.8Q .- Q.tjZ0 _.92 ;k51-0 23ASE-02 2.222E-02
l'14 1.337L 00 5.105E-0, 1.937E-01 1.168E-01 5.314E-02 3.133E-02 2.936E-02

FLI,'HT NO. 98 fILTrR .o. 3
UIRELILONAL PATh REFLECTANCE FROM GRCUNP TO ALTITUDE

ALTI[Ui;E ZENITH ANGLE OF PATH VF SIGHT (DEGREES)
METER'- 93 9! IcC 105 120 150 180

3 5 9.144E-02 4.804U-02 2.257k-02 1.454e-02 7.025E-03 4.235E-03 4.072E-03
o10o - .OO_ .-- 2.0.3-._ .•.7E-%C2 300.6E-02 1.441E-02 8.77SE-03 .. 840E-03
914 3.118E-01 1.553E-01 6.954E-02 4.412E-02 2.097E-02 1.257E-02 1.24SE-02

---.-- ,2L19 ------ l-2.k.9 - -.----- 9_v_6A3K:-•-Q.Z ------ 6_.QO3_9E_-O2 2.841E-02 1.673E-02 1.623E-02
1524 6.670E-01 3.015E-01 1.267E-01 7.373E-02 3.656E-02 2.130E-02 .0428E-02

FLIGHT NO. 98 FILTFR NO. 4
12IREC[1UNAL PATH REF.LE.CTAN.CE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 1O0 10s 120 150 180

3105
610
914

1219

FLIGHT NO. 98 FILTER NO. 5
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
MLTER_ 93 9- 1- 105 120 150 180

305 1.246E-01 6.431E-02 2.975E-02 1.907E-02 - 9.188E-03 5.511E-03 -5.-246E-03
610 2._8 1-91 -0_1 . 1930T-.0... . 2 3.912E-02 1.70E-0? 1.121E-02 1h.0OE-02
914 4.828E-01 2.242E-01 9.561E-02 5.974E-02 2.o806E-02 1.651E-02 1.561E-0?
1219 0.25.?._•-O1 3.516E--- -------8E--01. ------- -------0 -4.003E-02 2.307E-02 2.51E-02
1924 t o•9E DO 5-.320F-01 2.01E-01 1.209E-01 5.449E-02 3.108E-02 2.°8581-02

6-151



AZIMUTH OF PATH OF SIGHT - 180
FLIGHT NO. 98 F fLFER NO. T -

ALT...TUDE. OLRI-__PATH REFLECTANCE FROM_ GROUND TO ALTITUOF
ZENITH ANGLE OF PATH OF SIGH) (DEGREES)

METERS 93 95 100 105 120 150 180
7305 . .... 7EO... 8-23•2 ------ 3.81-9E-02 2.468E-02 1.217E-02 7.295E-03 6."3E-O3
610 3.684E-01 1.775E-01 7.823E-02 4o976E-02 2.422E-0? 1.465F-02 1.356E-02
9ý14 6.41-1 -29773ýE6 1-.244F-01 7.779F-02 3.717T:-C? 2.238F-02 2.097E-02

1219 1.209L 00 4,8571-01 1.897L-01 1.158E-01 5,3b3E-02 3.177F-02 2.976E-02
1524 2.1021 00 7.391E-01 2.672E-01 1.591E-01 7.168V-02 4.118E-02 3.808E-02

FLIGHT NO.-98. FILTER NO. -2
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGRFES)
METERS - 93 95 - 1.00 IC5 120 150 180

305 1.154E-01 5.991E-02 '•.810E-02 1.824F-02 9.049L-03 5.493F-03 5.055E-03
.. .610 -2.522E-01 1.250E-01 5.629E-02 3.605E-02 1.766F-02 1.077E-02 1.009E-02

914 4.436f-01 2.073E-01 8.908E-02 5.614•-02 2.697E-02 1.625F-02 1.528E-02
1219 -.--- 7930.1-01 3.381E-01 1.370L-01 8.455E-02 3.966F-02 2.356E-02 2.222F-02
1524 1.322E 00 5.051E-01 1.919L-01 I.IbOE-OI 5.323E-02 3.1181-02 2.936F-02

FLIGHT N-0. 98 F FILTER NO. I
.iIRECIIONAL-PATH REFLECIANCE FROM GROUND I0 ALTITUDE

ALTITUDE Z(NI1H ANGLE OF PATH [F SIGHT (DEGPEES)
S.... JERS ----- .----- 95 100 105 120 15', 180

305 9.332E-02 4.946E-02 2.365E-02 1.549|.-02 7.686E-03 4.488E-03 4.072E-02
---- 6102..-----2h-&7 1.078E-01 5.051tt-02 -3.300-02 1.645E-02 9.650E-03 8,8401-03

914 3.171L-01 1.593E-01 7.278E-02 4.703E-02 2.314E-02 1.3551-02 1.245'-07
.. 8L-01 2.259E-Q0 9.977E-02- 6.357E-02 3.069E-02 1.774E-02 1.623E-02

1524 6.829E-01 3.096E-01 1.314E-01 8.251E-02 3.907F-02 2.236E-02 2.042E-02

FLIGHT NO. 98 FILTER NO. 4
------------ DIRbCTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE
ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)

_ M TUI ...- 95 lOc 105 120 150 1SO
305
610

914
---------- 12L9 .

1524

"FLIGHT NO. 98 FILTER NO. 5
DIRECTIONAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

ALIITUUE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
METERS 93 95 10oc ic5 )20 150 ISO

3-05 1.....i.204•4E01- ... 6.234E-02 2.907E-02 1.879E-02 9.225L-03 5.590F-03 5.246E-03

. . 2 _738E-01 -A1 -O1 _ 6.050-E02 3.862E-02 1.877E-02 1.136E-02 1.070-02
914 4.731E-01 2.200E-01 9.425E-02 5.919E-02 2.81VE-02 1.670F-02 1.561E-02

S..... 9 --- 8.156E-01__ 3--E-01 ... 05E-O1 8.653E-02 4.019E-02 2.327E-02 2.151E-02
1524 1.375E 00 5.245E-01 1.988E-01 1.199E-01 5.452E-02 3.113F-C2 2.858E-02

6.152



AZIMU.TN OF PATH OF SIGHT ; 27C
FLIGHT NO. 9e FILTER NO. I

DIRELTIONAL PATH REFLECTANCE FROM GRUUND TO ALTITUDE
ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREESl

METERS 4 95 100 Los 120 0ISO IO
•05 1.704E-01 8.71oE-02 4.023E-02 2.5812-02 1.239E-02 7.1482-03 6.58-03
610 3.13&)-L-01 I..6402-0] 8.097F-02 5.1258-02 2.4568-02 1.465E-02 1.356E-02
,)14 6.809E-01 3.050E-01 1.276F-01 7.9512-02 3.766E-C2 2.255E-02 2.097E-02

1219 1.238E 00 4.976t-O1 1.9ý,1E-01 1.182-01 5.441E-02 3.192E-02 2.976F-02

1524 2.154F 00 7.575t-01 2.734k-01 1.6218-01 7.240E-02 4.133E-02 3.8082-02

F FLIGHT NO. 98 FILTER NG. 2
FlkROm-siROUN-Q TO- ALT-ITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
-2A. 95 100 .1.c.5 -. 120 150 180

305 1.182E-01 6.11lF-02 2.842E-02 1.827E-02 8.817E-03 5.306E-03 5.05SE-03
.. ___67•-O1_ 

2 6 9
E-01 5.690E-02 3.622F-02 1.754E-02 1.065E-02 1.009E-02

914 4.511E-01 2.102F-01 9.008E-02 5.648E-02 2.686E-02 1.611E-02 f.528E-02
1219 8.0972-01 3.444E-01 1.3884-01 8.524E-02 3.954E-02 2.334E-02 2.222E-02
1524 1.363t 00 i.184t-O1 1.9562-01 1.175E-01 5.314E-02 3.084E-02 2.936E-02

FLIGHT NO. 98 FILTER NO. 3
DIRECrIuNAL PATH REFLECTANCE FROM GROUND TO ALTITUCE

ALTItUdE LENITH ANGLE OF PATH OF SIGHT (DEGREES)
.. T - - 95 1oo 105 120 1%0 180

.05 9.663E-02 5.116E-02 2.454E-02 1.609L-02 8.006E-03 4.565E-03 4.072E-03
ol i-0-1 35 -_V 

7  - -T96C-02 1.910E-02 1.036E-02 0.840E-03

914 3.473E-01 1753E-01 8.10OE-)2 5.274E-02 2.612E-02 1.433E-02 1.2452-02
1219 - 5.043Eý-0 2.435L-0-1 -- kQS Q1 -- 6.9392-02 3.35O8-02 1.845E-02 1.623E-02
15Z4 7.i842-01 3.313E-01 1.414E-01 8.901E-02 4.212E-02 2.308E-02 2.042E-02

FLIGHT NO. 98 FILT8q NO. 4
DIRtCTIUNAL PATH REELeCTANCE FROM GROUND TO ALTITULE

ALTITUDE ZENINH ANGLE OF PATH OF SIGHT IDEGREEs)
- MEIERS .. .. 9t, 100 105 J2G 15C I8C

914
1219

FLIGHT NO. '4a FILT8P NC. 5
OIRECTIONAL PATH REILECIANCL FROM GROUND TO ALTITUVE

ALTIIU',E Z1itiH ANGLE OF PATH (F SIGHT (DEGNEES)
MNTRS_- 93 0 lOo 105 12^ 150 180

305 1.221E-01 6.l17E-0?' 2.941E-02 1.894F-O? 9.2688-03 5.657E-03 5.2466-01

10. 2.77bE-01 1,3c9h-Cl 6.124E-02 3.899..-02 1.892E-02 1.155E-02 1.C70E-02

914 4.814E-01 2.237T-01 9.571E-02 5.9q7E-02 2.846E-02 1.693E-02 1.561E-02
1219- Bo330E-01 3.5'5L-O1 1.432E-01 8.799E-02 4.072E-02 2.352E-02 2.IbIE-02

1524 1.420E 00 5.396f-01 2.036E-01 1.222E-01 5.507E-02 3.118F-02 2.858E-02

6-153



FLIGHT 99

Full moon. This flight was made approximately 60 km east of Khorat. The terrain was relatively flat
and forested with deciduous trees and rice paddies. During this season (dry season) the tree foliage was
sparse, dry, and yellowed and the rice paddies between the trees were dry. There were a few artificial
ground lights. Particularly near the ground the atmosphere was hazy and there were some cirrus clouds
remaining after a local thunderstorm had dissipated. Data-taking started at 2039 local time and ended at
2306. The moon phase angle was 2ý; the moon zenith angle was 540 at the start of sky radiance data-taking
and 30' at the end.

6-155



FLIIHI NOo9q FILT-R NO. 1
IRRADIANCEt(WATTS/SQ.M.°14COO N.)

ALTITUDE COJN- UP SCALAk SCALAR SCALAR SCALAR

(HMTERS) WELLING WELLING ALb. U OWNWELLING UPWELLING TOTAL AL8FO0
225 1.665t-03 °.7#7E-C5 U',) 3.242t--03 2.959E-04 3.53bi-03 .091
527 2.5611-03 1.670[-04 .069 4.95oE-03 4.903:--C4 5.396r-C3 .100

_O .5890.3__ 2.349E-04 .091 4.61k-03 6.41CL-C4 5.292L-03 .138

1123 2.646E-03 2.471E-04 .093 4.5M7t-03 7.019E-04 5.279E-03 .153

t4ol 2,534E-03 ?.799E-04 .110 4.310L-G3 6.144E-C4 5.184E-C3 .186

1748 3.0' .- 03 3.524E-04 .11o 4.942E-13 9.698k-04 5.912c-03 .196

FLY -HT NO.99 FILTFO PO. 2

---------JA8AOIAILG iWA7T6/5Q%2.MIMCHO) SCALA
ALTITUDE UOWN- UP- SCALAR SCALAP SCALAR SCALAR

IMETE.RS) ---. LLI[. WELL1N0 ALB8PO OOWJWELLING UPWELLING TOTAL ALBEDO

225 1.606E-03 1.1971-04 .087 3.129t-03 3.729L-04 3.502t-C3 .119
S27 1,942F-0•1.8- __eT j.J_b_M..••O•__ I 84-C4 4.IC?-C3 .113

815 2.753E-03 2.088E-04 .076 4.833E-03 6.IOZE-04 5.443F-03 .126

.2683Z 9 AL---- 2.-- alz As,74L-~03 -- 7. t44lt-04 5.3M9-03 .165
1462 2.967t-03 3.391E-04 .114 4.9411-03 9.2711-04 5.868F-03 .188

3 .8 G 7 Efl3 3 0-4 ...... DA A@18fl1-03 1.*012L-03 5.192r-0 .242

FLIGHT NO.99. FILT-. NO. 3
IRRADIANCEIWATTS/SQ.M.MICRO M.)

ALTLI ULF QuOwN- UP- :.CALA' SCALAR SCALAR SCALAR

(HET:RS) WELLING WLLLING ALBEDO DOWNWELLING UPWELLING TOTAL ALBEDO

226 1.EL&•l1-3_ - .15E-04- .- 1a 3-590--D3 -- 5.158E-04 4.106E-03 .144

528 1.5791-J3 2.156E-04 .084 4.495E-03 5.337E-04 5,029E-03 .119

ai. z.2.5L-'j3 3.ý52E-U4 .U16 4.031E-03-. .7..ili-04 4.752E-03 .179

1131 e.744P-)3 3.13CF-U4 .114 4.647E-03 7.595E-04 5.407M-03 .163

1462 3.o02:i-03 3.610E-04 .119 4.928t-03 8.952E-04 5.823t-03 .182

1749 J.217L-0i 3.437E-94 .155 3.8181-03 9.001E-04 4.718L-03 .236

FLE;HT NO.99 FILTtLA NO. 4

IRRADIANCE(WATTS/SQ.M.MlCRU M.)

ALTVTUUE )UWN- UP- SCALAR SCALAR SCALAR SCALAR

IMLTPS) WELL!NG WEI.LING ALSEDO DCWNWELLING LPwELLING TOTAL ALSE")

225 1.215-•3 /.655z-04 .218 2.4327-03 •.938E-04 3.025t-C3 .244

4 --_1.973t-')3 3.oý4t--04 .194 3.465E-03 8.361E-04 4.3011-C3 .241

817 1.933c-J3 4.78-d-04 .24A 3.312E-03 1.070t-03 4.3Er-C3 .123

1131 2.125L-J3 ý.,*7L-04 .256 3.534e-03 1.184E-03 4.719'-03 .335
t46; 1.61rl.-O3 ,.IIM -k)4 .31lb 2.811E-0-4 1.139F--03 3.95CL-CA .405

)75J 1.870,-03 t.162L-04 .27o 3.1270-C3 1.143E-03 4.269:-G3 .365

F•I(HT NO.99 FILP-R NO. 5
IR0'AJIANCE(WATTSISO.M.MIC-0 P-)

ALTITUDE 1.0WN- I)P- ',CALA6 SCALAR SCALAP SCALAR
(MrTdRS1 WELLIN', •,LLIN.- AL0100 0VWNNUELLIhG UPWELLING TOTAL ALBEO0

2., 1.7Pjr-33 .6bE-(,64 .091 4.316E-03 3.614E-04 3.677.-03 .109

517 ).96"---; t .9•- .1'3 3.683E-03 5.469E-04 4.235E-03 .148
e113 4tu * '--'3 '1 It -,'4 & 0 9 ,' -4,1 ~Iik-03 6.332z-04 4.755ý-Cl .154

112-1 .5.?'-'% 3.-19%-5t .1-,) '4 .3 72E-03 8.626E-04 5.234C-C3 .197

L461 '.?4 -33 'd95L-04 .12') .. q29-03 8.434E-04 4.773--03 .215

1743 .'O1, -)-3 3.41 li-(4 .132 4.315L-03 8.97SE-04 5.2121-03 .208



FLI',HT 1J0. 99
A ~muril i.i >.~.rý t. AI(T -

PlitrC.1',j.'M *'FFLECTANCE CF L ACKC(; CuWi
LL-,sI~ IHt- lLTFkS
ADVGLL I ?44

93 S2~4u,' .54653 .3143,- .39037
95 .33287 .317'jt .2;eC .75550

1 JO .1157.5 .15 i2.9 C,1 .17293
1,15 .07124. .1119)1 .07675 .12993
120 GCI796 .0791%) C'b9A7 .11668
150 OS'207 .052413 .Cl57:) C6832
1 -0 .0,#7t2 .076C u *%'667 C14678

FLI..H1 NO. 99
A'IPOUTH IA P,.ri- IF- SlIJT - 1

IDIRL:CTItNAL P.LFLf.CTANCE C'F OACKGI.OUNC

ANCLE 1 3 4
* ~.,1 .Rlic3 .2314z~ .147C1

1~ 5.z D .13739 . 13591; .14516
ýC 3 .1041F *Ct9ll *1I De

1,5 ýWi~ .0871 C230 .0962q
1 * '( 07 o .CrIIS3 .14565

INC .,,17l .05711 .0841.3 *C7065
IL, .172 .0760t Ct16t7 *C4676

.%/.IP#Urlf rPr ý F ilýJjT - PC:
VI1kLTIONAL ,RLfLL:TANCE CF &JACKGPO1A.U

zt:.II IN UTIT 1-2

.2119F .17(V) .!6414

.15(.3L .11633 .15043
1 OC I' 3 321 .1304 *C74c,4 .22795
1. d 1, .14131 C07641 .1963C

121) 07 *-,12313 .13342q .19781
1,)( Of'A .11376 .cC;? t .09722
I Z10 I 1 1)., .076(,, .Cb6ý'7 *C4678

FLl6HT NCO. 99
--. AZIMtUTt CF PAIH flF ýt'.HT P,,

GI.rPr IOI4AL J~t.FLtCTANCE (IF ý1ACKC,-!'CiLf'
ZE'.ITH IILT015

A NO LF 1 Ii. 4
q* .?430 .27112 1.b *,eOqE2

lj. * '13 3 .' 1c8 l) .C~lý .'~ *143e1

10,Cliý .C37ý at~elo .13277

1,),) .05r7043 .0elO0 C93 *C7527
*4 712 C,76C6 CE64-7 .04,67e
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DA TE 402 69 F LrGNT NO.' 94 OWNJRWL2VEL-'LT TTUVT ( m.) 237 1LP at

ALTITU!'k rTOTL SCATTERI'NG ~oE-FFICICET-(PER-NTER3
IMETER!.I FILTE.S t 345

0 6.319E-i)5 4 .666FCSO 3.26.9E-05 5.15OE-OS
.s0 6.29Si:-05 4.65CE-05 3.251it-05 5.132k-OS
61 6.277E-05 4.635F.-05 3.247E-0S 5.11S2-OS
91 6.2561.--s 4.619E-05 3.236E-05 5.09Sk-OS

122 6.ý.~35v.-o5 4.604E-C5 3.225E-05 5.081E-OS
L!),'-~ 4.589E-05 3.215E-05 5.064E-05

183 6.194k:-05 4.5731-C5 3.204Ek-05 5.0482-OS
213 6.173ý-05 4.551)-U5 3.1q3E-O5 5.031t-05
.'44 5.942k:-05 4.543E-05 3.154E:-05 5.102E-05
e'74__ _ 13.980"-35 4.617E-05 3.120E- 05 5. 192E-O5

60 .-19 2L.-1-'5 4.501F-05 -3. 18632-0' 5.194E-05
335 -- 6.2bg,--O '.377t-r)S 3.14E2-OS 5.190E-OS
7,66 6.216t-0,5 t..379E-0,1 3. L32E-OS-' 5.143E-OS
3ý96 6.0.)9f-`5 '..158F.-CS 3. t0t-55*002k-05
427 6.oJ20c-r,' 4.1271--05 2.qOU2-05 4.902E-05

987 S97c-05 4.2C1ý'-C6 2.'53CE -as 4.966E-O5
488 5.549E-flS 4.349L-C5 Z.8i8E-wOS 4.987E-05

.... ýLý --------- F-O _ 4 .34 4E- C 5 ;.*1.85 6 1-U C.5-O
!549 5.020t-05 4.405E:-05 2.843L-05 4.41SE-OS
t)79 5.223E-05 4.663E-05 2.Lvt4'-05 4.376k-05
610 ----- 5...2 82.ý- 05-- 3 7 E- 0 2.8i02-05 4.459F-05

till 5.109E-05 5.925E-05 2.94.9E-05 4.667k-OS
------------------ 74'O .6 ------. 7EO ý4.925E-OS

77 6.139ti-;5 6.180E-05 3 656k-05 4.785k-OS
.... 7A ............ __6AZ28Af-7Ot 3.776e-05 4.6581-05

792 6.2W38r 6C: .343E-05 3.956E-OS 4.5852-05
1121 .J5-..26,5 3.9#AUE-0S - 4.576E-OS
053 6.0

4
6t-05 7.026E-05 3.d'i9L-05 4.559E-OS

---- U----- --- .5ý924.a-o±._ _7.Z25.LC_5__ _3.sek.t-5 .4.589F-05

914 5.9196-05 7.301E-05 3.d90F-U5 4.590E-OS
-~9-45---------, fltr-0 5..6.811E-0. .$0-5 4.586E-OS
1) P 6. 186ti-0S 6.656E-05 4. 147it-uS 4.592E-OS
W06--_. _,,..f9L-J5. _6.6972-05-.,,4._902E-05 4.559k-OS
1036 L1.C5V--5 6.584E-,%5 5.607E-05 4.5982-OS

j'~67 4 .121L-f'¶5 7.417t-03 .32054.2171-05
1097 6.4CIk-.05 7.222E-05 4.44SE-05 4.862F-05

_11281 690- 7.446F-I05 4.117t-aS 4.869t:-CS
1158 7.493'ý-v5 o.7112-05 -4.147F-05- 4.877k-OS

-I L,~9 ____8.5ý36.i-05 b .686ý,-05 4.Cl9r-tJ5 4.856C-05
121.4 9.1:;1E-05 6.233-05S 4.146E-os 5.034P-05
I~, 8B.783f--1-0 6.087E-05 3.oLyr.-O5 5.350k-OS
12 *1. 0.445E -05 5.86f)E-OS 3.656%-05 5.486t-OS
li3t11i. 1721:--05 .070E-05 3.347t-05 5.54CE-OS9
1341 8.*slL0-:,j5 5.227E-05 3.3ABE-O1 5.6W6-05
1:ý$7 _7.ao7r-uJ3 4.969E-05 - ).iC2F-uS 5.449E-O5
14,;/ 6.68h.L-05 5.079F-05 3.280E-05 5.340E-05
1433 6.308,-:-95 5.3970--05 3.24dk-OS 5.379E-05
1463 6.3-5 5.472t-05 3.136E-O5 5.556E-O5
1494 6.4291ý-05 4.999t~-05 3.166F-OS 5.409k-OS
1574 5.7,)bt-U5 i.O5SE-0i 4.166k-05 5.399L-OS
L554 ,.lj3n-os 1.091t.-05 3.22('E-05 5.494i.-OS
1Sý5 5.702E-05 5.069k-O5 '4.216E-05 5.5982-Ob
1615 -5.651E-05 :i.113C-05 3O1-S5.691k-OS
L646 5.777F-O5 5.215!7-C5 3.2=2.-55 5.798k-OS
1571. 5782':-05 5.1cak-05 3.208-7-05 5.942F-OS
1 707 5.832..o 5.O3sL-O, '.25.3E-0;5 5.9981-05
1737 4..4701-O05 5.01RE-05 3.27OE-05 6.117E-05
176uidi '.1,-05 5.001E-O5 3.2!)9!-()5 6.3382-OS
179F, 5. ?PI.-Lis 4 .9as:-05 3.248E-G5 6.317E-OS

S.~.f-05 4.968E-05 3.1381--05 6.296E-OS

FIRST IJATA ALT. 1132

LAST DATA ALI. S9 ',7 5d 59 599
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I'LI'HT NO. 9S FILT :i. NC. I
t-AM IhRNS.4ITTANCE FHOM .,RCLNO T11 ALTITUnE

AL ri (U* E ZENIIH ANU•LE O)F PATH OF SIGHT |FFG'•.EES)
P. ILRS , ".3 95 109 ICi 120 150 1pc

1:;5 .9',,375t .80i5 57q .0.971Se? .9297767 .9630117 .9184749 .9813316

.1') .49 5 fl9 b#•',922o9 *
0
11260 .sb9c827 .9299417 .9589322 .9643348

It4 .3417433 353'9132 .72•11•93 .8105395 .896970? .9391531 .9470851
1?. 11 .22L4253 .4174?30 .6450056 .74512h9 .8587408 .9158308 .9266827
15.'4 .13,1719 7 ."Z31 9 .565•103 .681W241 .8202796 .8918886 .9056651

FLT'HT %I1. 94 FILI, !.0. 2
ý'FAM (RANSPITTfA.L.-. I-MOM rýR(VU1L4 TO) ALTITU;XE

ALTItUf'E ZL%1UH AN',I.U CF PAIH OF .IGHI (CEGnEL51
pt' I ,"N )I let) |1, 120 150• 1.0

315 °7oj2361 .8I14877 .922477b .9473C10 .9723649 .9839505 .9860851
,,1,) .58783.04 .7jll,123 .85441li a•S98652 .9468485 .96119593 .9730614

S .402a439 .5d6971-,' °7o•e !O .6763;" .9113125 .9477939 .9546269
1219 .2638839 *4h.1131 .678061t .7705395 .8737773 .9250553 .9347605
LS5, .1bl6155 *)j')70? .6IAt.(3Iz .722c495 .8451708 .9074472 .9193317

FLI(,jiT 'ol3. '91 FIL rr. q a. I

bEAM TRýANITTANCE I-RUM 11'It)J ALTITL13E
ALTIIUD)E ZtN![H ANUEL OF PATH nF SIGHT (VEGqEE-"|

10.IIS 351(0 1(5 1201501&
M.05 .. .822090. *b- V) 143 .94 52 v 7'9 .9629399 .9806416 .9887773 .9932735
ýlu .69q1991 .r;r,f,2555 .f9754r1 .9300478 .9631571 .9785602 .98140!7
')14 -_.5594988 .... .1125?4 .Z412t43 .891q372 .9425212 .96640C1 .9708353

"1219 .4266025 6048901 .7fl)2174 .8466127 .9174172 .9514544 .9578190
I'.•4 .34370•45 -_.. .5415587. .735C45,! .8134048 .8986102 .9401441 .9479505

FLItHT NO. 99 FILI., NO. 4,
.AM TRANSMIiTTANCE FVCP ';•rL, ND T-) ALTITU;.;I

ALTIIU.'E ZUNITH A.'W;L OF PA th (jF SIGHT (CFG;!E2S|
I: I .!, -) .i ý, !, ! (t,: 1415 1 2,ý ISO 1

%2315'15

5 14
? I)
1;).4

)iWAM TRANSMITT1ANCE FI:ICM 1;110003 TO) ALTI TUrFJ
41.T I I UE I :NlfH AN.ýLk OF P'ATH (41 :ii.ht (ULGIL4S)

11 1 7% 10)0 1 Cs 12C 1 C.18
,5 .74!:-)L71 E8b54'jj .914314L:1 .9416632 .9693678 .9821983 .9845648

1.1 .' t4 3123 .7ý1t273.ý .b49U128 P894717 .14411717 .9656010 .9701400
;I, .41743j6 .bGŽ,3

9
t'O .774051.9 .,,421525 .9149127 .q499536 .9565104

I)lq A iY- 1 5 ri ' .'3'1 7 . 71 22e,.4, .1 6s pa8pp3b3 .9342278 .942782,P
1'.. 4 .:27 5 .o .4.1':boos .6474til. .747C340 .859d766 .910~300 .9272953

6-159



AZIMUTH, OF PATH Q.F SIHT =

FLIGHT NO.99 FILTti N0. 1
PATH RADIANCE FROM GOOUND TO ALTITUDE(WATTS/STER.SG.P MICRO N.)

ALTI[UbE ZENITH ANGLE OF PATH I-P SIGHT (DEGREES)
NLTURS 93 95 1, 105 12C 15.) 1h

>05 1.313E-04 7.53SE-05 3.5741-C, 2.197c-05 8.720E-06 3.803E-06 3.3901-06
I)0 2.6311-04 1.604F-04 7.8t1[-C5 4.8721-05 1.9451-05 8.4661:-06 7.549k-06

414 3.55gE-40 2.3201-ý4 1.142L-"4 7.5201-05 3.0781-05 1.368t-05 1.2181-05
1219 4.133L-04 2.914F-04 l,•-o4 1.025'-04 4.329E-05 1.972F-O5 1.764f-05
1524 4.41?E-04 3.,46E-04 1.934t-,

4  
1.281E-04 5.604f-05 2.620E-05 2. 3 5 3 L-05

FLIGHT NO. *9 FILI \%GC 2
PATH RADIANCE FROM GROUND TO ALTITUC1(bATTS/STER.SC.N MICRO M.)

ALTIIuDE ZFNITH ANGLE OF PATH OF SIGHT (DEGREES)
MLTERb -)3 '45 100 1C5 120 15. 1sc

305 q.09jt-d5 5.582L-05 2.6290-05 1.6171-05 6.4831-06 2.869E-06 2.564E-C6
6A 0, 1.794t-04 1.071E-04 5.2181-05 3.?411-05 1.3131-C5 5.8171-06 5.1581-06
914 2.988E-04 1.902E-04 9.594F-,5 6.016O-05 2.452E-05 1.084V-05 9.602E-06
1219 _3.o798V-04 2.6012-04 1.3'OE-04 8.116F--05 3.668L-05 1.644F-05 1.4589-05
1524 4.217E-04 3.04iE-04 1.663E-04 1.096C-04 4.688c-C5 2.154L-05 1.9251-05

FLIGHT- NO. 99 FIL1• ;.0. 3
- PAI.JI-AUIANCE FROM. vROUNO TO ALTITUG1(WATTSISTE.SG?, MICRO M.)

"ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (IUEGREtS)
... .. - . 9- 9 100 1o3 12. 15C l0

305 9.1551-05 o.053E-05 ?°.T7E-C5 1.363Z-C5 5.2821-06 2.214t-06 1.9-18 -C6
.. 6J o znh±E_-.- -9.9191-05 A.A475-05 2.711'-05 1.046E-05 4.4:5W-06 3.97#r-06

914 2.371F-04 l.431f-04 6.889L-f- 4.21b1-05 1.649E-05 7.1,6F-06 6.354-06
IZ19-- 3.. aL•-O•4-- i.930E-C4-- 9.6561-05 6.005L-C5 2.'09E-05 1.069C-05 9.477••5
1524 3.427E-04 2.2b2E-G4 1.176E-04 7.4101-5 03.040-CS 1.3771-05 1.2311-CS

FLIGHT NO. 99 fILTER NO. 4
PATH .AjIANCE F1GM ROUNC TC ALTITUOE(WATTS/STER.SrQ.I MICRO N.)

ALTITUDE LLNITH ANGLE OF PATH CF SIGHT (DEGREES)
w.iTER9 93 95 lOG 105 126 153 180

3fis

j14
121'
15z4

FLICHT %O. 99 FILliT AiC.
PATH I[ADIANCE FROM 1OUND TO ALTITUOE(WATTS/STER.SG.M MICRO d.)

ALTIFUU£ ZENIFH ANGLE OF PATH (F SIGHT (DEGREES)
METLP. 43 95 tOo 105 120 150 1110

.05 1.078L-04 6.111F-C5 Z.900F-05 1.78E1-05 7.375F-06 3.413E-06 3.0821-06
(I0 1.912C-04 1.R57t--u4 .. 7l01-05 3.5721-05 1.4831-05 6.882E-06 6.211F-06
v14 2.601E-O4 1.6.2r-04 8.458F-05 5.34E-05 2.2331-05 1.029E-05 9.243

1
-

6

Il7l 3.1701-04 .12qL-(04 1.1721-C4 7.192E-05 3.0541-05 1.4441-05 i.264F-05
Ls74 3.5Z61-04 ?.513t-04 1.3d71-04 9.074E-05 3.963t:-05 1.8631-05 1.6621-05



Azipmtr OF PATH OF SIGHT 1,1
FLIGHT NO. 99 FILTt'X NO.I

PATH PAUJANCE 1.1CM GROUND TO ALTITO ;(hvATTS/STi'&.SIi..M MICRIO I'.)
ALTIIUIEt- ZLNITI14 ANCLE OF PATH OF SIGHT 0WEGESI

mlI p 145 )3 Ilj V)( 10 120 1 iG ISO
3,5i 7.*i2bý.-05 4.6091L-j5 2.339C-CID 1.537F-05 7.355E-06 3.91.70-06 3.3900-06
jI(j 1.495t-14 9.39W-F-O5 4.962h-05 3.309E-05 1.610E-O5 8.736F-06 7.549L-CA
'114 ?.093k-04 1.402E-04 7.707E-05 5.212F-05 7.573E-05 1.40O6E-05 1.218E:05

1219l I.5730--04 1.8147r-C4 1.067E0-4 7.343F-05 3.689E-05 2.033F-04 1.764F-05
15':4 2.9?1L-0)4 2.2?9f,-04 1.3,31L-C4 9.4OCc-C5 4.8668-05 2.709F~-05 2.353F-05

FLIGHT ,jO. ')I F IL TC 4-f%. 2
I'ATH kA,)IANCE FkOM GROUND IC ALTITUCL.(WATTSISTER.SC.0F MICRO M.)

A L TI I UE 1041TH 414C11 OF PATH OIF SIrHT (DEGREES)
PIVTLRS '3 too lus 120 15D tS

3 ~ ~ ~ 1 L.)~,3 3 9- c5 1.O-l5 11210 5.464E-06 2.907t:-06 2.564Z.-C6

thI~ 1.079L-04 6.611O-05. 3.43?ir-05 2.27SE-05 1.108t--05 6.0O7F-06 5,15816-06
",04 1.787V,-34 i.1c9r-.34 6.799L-(,5 4.224E0- 2.061F.-Cs 1.11SE-05 9.602F-06

12Z,) Z.;6bt0-14 1.6ý'4fE-04 9.32IL-fS 6.339E0- 3.126E-05 1.692E-05 1.458F-05
15,04 2.704L:-04 ?.Oe'ff-.14 I.I1360-C'. 8.123E-05 4.073E-C5 2.230E-05 1.9251-05

FLIGHT NO. 99 FILIrv, %~L;.
PATH :A*IA~lA.(E FýL'M ;R(.UNr, TL ALl)rU0I 'A~ A7TS/STýK.SC.P MICRO M.)

ALTITUD*E YFNIIH ANGLE liF PATH (IF SIGHT ICEGRlELSi
MfOILRS . 913 1,10 105 120 150 100

3015 4.5901:-Uý, 2.611tý-05 1.306F-05 8.609DE-06 4.209E-06 2.291!i-06 1.9486-06
610 18.o19C-05 .5S.139E-O-5 Z. 26Gý2k-05 1.719L-05 e.3861:-06 4.5926-06 3.974E-06
-)14 1.23117-04 7.968t:-OS 4.153r-05 2.756C0O5 t.34C01-CS, 7.309F-C6 6.354E-06
1219 1.7750-04 1.160t-04 6.202E-.5 .4.14A2C-05 2.015F-05 1.094e-05 9.477E-06
152.4 2.114.L-04 1.431E-04 7.826E-C5 5.267E-05 2.582E-05 1.41310-05 1.231L-05

FLhL,HT '.0. 99 OI~lNO. 4
PATH ,!ALIANCE FROJM oROUNO TO ALTITUDL(WATTS/STER.SQ.14 MICRC M.)

ALTIIIIE ZENIIH ANCLE OF PATH OF SIGHT (DEGREES)
K ' 3 . 95 . 100......1 (5......120 15.1 130

c14

FLI'dH740 . 9-1 FILT-.1 N10. 5
PATH "AJlA!4CL ft'uM 6;HIU;:': TO ALTITUIHfWATTS/STER.SC.Pf PIC~ri I.)

ALT[I UI':E ZNITH AfjO.L1 OF PATH (IF SIGH1 (IEGEFESI
QF~S . 7>' LOG I f5 120 15U 120

sv5 6. !11,. 1- 5 3.94 1C-cb 1.990E-05 1.312F-05 6.374L-06 3.545E-06 llvL8?r-06
.1)[) 1.22"F-04 7.5791-O05 3.qts4t-iC 2.637E-05 1.292k-05 7.156L-06 6.?llr-CI
'*14 1..v8-W-4 1.09fL-04 5.913U-05 3.93o-05 1.941L-05 1.0641-05 9.243E-C6

1209 2.121[--04 1.4'.ME-04 11.022E-CS 5.4241.-05 2.66eh-05 1.456E-05 1.264k-05
1 t /4 '!.493L--J4 1. 71'L-'o)4 1.O2

9
0-cj4 7.C,1ot.05 3.512':-OS 1.91g9005 1.662E-05

6-16 1



-. ALIMVTH PE. PAITH OF -SIGHT
FLIGHT NO. 99 FILT't. 14U. I

PATH fhAUIANCE FROM GROUNC TO ALTITUDEIWATTS/SflR.SQ.e. MICRO M.)
ALTITUOE ZENITH ANGLE OF PATHUCFSIGHT (DEGREES)

DqtTfR$ 039 100 105 120 150l LB0
305 8.035E-05 4.816E-05 2.554F-05 1.7hFr-05 9.390TF-C6 4.747E-06 3.30OF-06
&10 _ l551L-04~ 9.966t:-05 5.513K-%Q5 3.852L-05 2.112E-05 1.064F-05 7.54.9F-06
c914 2.129E-04 1.454E-04 8.364E-05 5.909E-05 3.266E-05 L.6881--05 1.218r-05
1219 2.57IL-04 1.8e3t-04 1.135E-04 8.1.35E-05 4.544E-05 2.422k-05 1.764t-05
15Z4 2.902c-J4 2.254E-04 1.424E-04 1.0371-04 5.8781-05 3.219F-05 2.353E-05

FLIGHT NO. 99 FILTkRi NO. 2
PATH IA-IfANCE-FRO14 GROUJND To AILTITUCF(WATTSJSTERjSQ.M MICRO M.)

ALIIiUl-f ZrMITH ANGLE OF PATH OIF Sif.HT (DEGREES)
-- MET.R, ' 95 100 1'ý 120 150 180

305 6.14,L-0J5 3.616C-05 1.096E-05 1.297E-05 6.894F-06 3.532r-06 2.564E-06
61C I-9--uI 6.90L-05 3.7149L-C5 - 7-,599E-05 1.388E-05 7.08±1-C6 5.1581-06

q414 1.714L-,Ol4 ja4uS--lj t*.Ai'lj--fls 4.649L-O5 2.514E-05 1.314L-05 9.602F-06
12i0 2.29ZIL-0-4 1~.43il-Ji 9.qr2l-c; 6.789f-Q5 3.707E-05 1.982F-05 1.45at-05
11114 .'.664,-34 1.9a6F-04 1.20'4I-04 Ib.621t-O5 4.77BE-05 2.6211-05 1.9251-05

MO4~IT Nol. 179F III li-s j
PATH- AAIIIANI:I 09014 UiS4UJUNII It. AlIljhb 1l WA~ti~5irpoupp P ICHO M.?

A1111 If !LW -41L (dJijA I. F PATH Pf I4I itiioh s
54LISRZ 4. 19 lot) IC5 12C 15 80

3105 4.93~i*-J'h ?.8664-Ub L.ý14 I.C4Ut-5 5*'172E-06 2.835F-06 1.948E-C6
Uui( 9.10JW~LJu 5.5171-'05 2.9¶'IL-05 2.4ý41,- 1.151.1-05 5.869F-06 3.974E-06

lzij I.1 IJL-~ 1114ý1_- )4 h.418L-V5 4.',93E-05 2.49(fl-05 i1.30L1-'5 9.477L-06
1'~' .'~s~J 13ir-I~Ir:;ti Sf1r~-o'. 3.1481-OS 1.730E-05 1.231t-C5

FLI,-Hi NO. 99 FIL~ry td.. 4
0AIH AAIIIANCE FROM (,I4(Ul41 Tf. ALtT~jJFIWAT7S/511n.5QtIp MICRO 14.)

Al TITWE ZLNIH ANLfi vF PATH1 !:f SIGiHI fIbEriPS IS)
fl 195 lIt 5 120 150 to,

F! it1,.fl.99I-ILhI; J 5
P'ATH 4NI14.L I Fri' N .jlLCU TOI 4LTITUI,! lWATIt~SsTfR, sqt #IICHO P.-1At TIjI tyt -NI 111 Aj. 1 1,1, PPIIT OF 'dGHT IOEbSkEES)

O1IS g- ý(10 105as
3.8 6.O~-2 1J'I 1n~ 1.453E-05 7-190t-06t 4.23

I.I,1114 .171:-05 2.24 & .1231-06 : 3.0t-cm
Igo Z.04t ii-'4 j1aV2--4 F.1I q4 1 -~ f S) .148i:-05 3.10E1-05 1.19ftE-04 10641-05
Wi ?# 4F-' ý4 1.41(4 1 J,) I 7.3551-05 4.G1It-05 ;.tliALý5 I.61c



AZIMUTH tiF PATI- UF SIGHT =27C
FLIGHT NO. 99 -i .C1

PATH IADIANCE F.ALM CR0UNt TL ALI ITULP(WATTS/STER.SQ.M 141RC 10.1
ALTIIU0E IFNITH ANCLI: OF PATH OF SI.oHT I(UEGREES)

Mt TFRS j10I1slot 105 123) 150 18
3 5 .illc-0l 4.4ott-05 2.275E-05 1.5103F-05 7.290E-C6 3.955E-06 !1.390ý-O06

1~l.444;-04 9.106t-o0, 4.V37E-05 3.245"-05 1.606E-C5 b.M2E-L6 7.549f--06
,1)! O'.-4 1.359L-04 7.514L--G5 5.113E-05 Z.568E-Ob 1.423F-05 1.2181--05

1211) ý.411 h-04 1.71#2'-174 I.C401t-r4 7.1991-1)5 3.676F-05 2.056r-05 1.764F -05
1 3 ' 2*.39i 04 1, 8 -04 1 . 3,'.--( 4 9.304kz-05 4.840t!C5 2.7

3
0r-05 2.3531)-Cl)

FLI.,HT NU. Vj Fil *,C. 2
PAT.H 'A(.IAKCE F1-CM G.RL;UJ.r[ TO ALTITUCE(WATTS/STE.S10 ?4IIICR V.1

At. T I L.) WE IýN1H ANfLF ,F PATH ',F SICHT C(PGFREiS)

,)5 G~.00:,, -()1 3.4/45-05- I *747,_-'ý 1.147--05 -).522F-06 1.986--06 7.564'-06

1 1.74..s--4 1. 146F--(,4 6.2C7~-.M 4 .lV -"it 5 2.062F-C5 1. 123c f,5 9.0.~'L06
z.d9,y-(' 169'4 3. 11 C. - tS 6.277v-05 3.109F-05 1.7001-05 1.458,.-05

I') 4 -04 1.9G~ -04 tie*1t -~4 7.9,,3' -..,5 4.0351,-05 2.732"05O 1.925~-c5

ý L!1 'A7 U. ), F IL I ', .1,. I
%fli A.LLAsCi F0;11, ,lZLUN TC AL 11T111(WAllS/STE,ý.SA.I', P,,1CROj 11.)

At I IL fl*L Li?,!IN AtICLE (J) PATH II- SIGHTI (11-0'El.3)
ll'R3 I)'ll ^ 12.. 1 -, ;r
5 4. is', -05 2. 759f - )5 1.16~91-c0 8.944_-'36 4.2752-06 2.28V'-06 1.948c-C6

-1) 5.7U~ -C5 5.118.-O!) 2.i.42E-C5 1.7461--05 8.526F-06 4.653r-C6 3.9741-Ct
114 1..264:--04 7.897,-'it) 4.1351-. .77-05 1.354f-C5 7.4/ý9t-06b 6 .351 1 F06

12Li 1.714. -L4 1.125L-C4 G. G!4E-C.; 4.065L-0'5 2.003E-15 1iL ~ -5 9.A77k-06
1*-, 4 '.02', -04 l.3L1t-"4 7.605c-C5 5

.152r-05S >.566)-C-0 1.427'-05 1.23ti-05

1-LI 'Hi .,0. '4,) FIL7 .A %,G. t,
0A Th AJ I ACE V-I94 ,LJUICr IL ALTITUCE(wATTS/STEt.:,ý0 PZI0I2 04.1

ALuto L ZNIiH ANGLE OF- PATH UF SIGHT (LIEGREES)
Ti TR:. 13I( IC5 12C 15.1 1,10

",4

l-LI).NHi '0. 99 FILlI :' C.
PATHI At.IANC( I IM ý,'LLJUND TI ALTITUlF-(WA~tS/STek.SC.?l KIERC P'.)

ALTIIUbE 71Nlih ANLLE Of PATH OF SIGHT 11,EGP.EFS)
3 1.1) ( 12C715

1 .5 ,'., ' 'b. -091 I. G,311-. 12?- 6.344t-06 ".5701-06 3.OB' -or
If' 1..19, -24 7.3)*, -t ) ).686t-"5 2.!;991 -05 1.291c-C5 7.199)- '6 6.21t;-06

-414 1.1% '.-04 1.0c,3, -04 ').70Rh-65 3.8BbgL-05 1.936E-05 1.073L-05 9.243k-1,L
12 V) .02.f -04 1.3 43:-24 7. 7' 91 -f 5.2E86--O 2.652L-05 1.4691-05 1.264. -C5
I-.r 4 2. I' -C/4 1. 71')1- 4 9.928k -'.9 6.8'331 -05 3.47SE-05 1.931:-05 I.A!.'l -C5



AZIMUTH OF PATP OF SIGHT I
FLIGHT NO. 99 FILTi-'ý NO. 1

DIRECTIONAL PATH REFLECTANCE FROM GR(,UNC TO ALTITUDE
ALTITUOE Z.NITH ANGLE OF PATH 1lF SIGHT ILEGVEES)

METERS 03 95 bOC IG5 120 150 180
305 3.564L-01 1.766E-Cl 7.518E-02 4.4591-02 1.7091-02 7.336E-03 6.519E-03

-610 -. 1,ý0kY? O0 4.5921-01 1.829E-01 1.C58E-01 3.948E-02 1.666E-02 1.4781-0)
914 1.9501 o0 (3.112E-01 3.077E-01 1.751E-0 6.477E-02 2.749E-02 2.427k-02

1219 3.522E U0 1.320E- O0 4.6476E-O 2.597F-01 9.5131-02 4.065E-02 3.5941-02
1524 6.033'- 00 1. 9 0 8 E O 6.457E-01 3.5451-01 1.2891-01 5.545F-02 4.9041-02.

FLIGHT NO. 99 FILTER NO. 2
... .. _T.NA PATH REFLECTANCE_FROM.GRCUND 'C ALTITUDE

ALTITU"oE ZENiTH ANGLE OF PATH OF SIGHT (DEGREES)
.. TLRS . 9 95 9100 . . IC5 120 150 W8•

3)5 2.5371-01 1.2t 3E-01 5.576E-O2 3.3391-02 1.305E-02 5.7051-03 ro089L-0,

A -_5, 9. 7 5j_-_0! 2 .8707-0 t : _ 0 1 k Pk Qk-k-02 2.714E-02 1.175E-02 1.O37E-O/
914 1.45?7 uo o.340E-nl1 2.453E-01 1.409E-01 5.2651-02 2.238F-02 1.9681-0?

-...... 12-19 _....I0. I..,u4E 00 3.9821-01 2.23SE-01 8.2141-02 3.478E-02 3.051L-0O
1524 4.422E 0C. 1.562t OC 5.3461-01 2.967E-01 1.085E-01 4.6441-02 4.098E-C)

FLIGHT '0. 99 FILIL. NC. 3
QIRECTIONAL PATW REFLKCTANCE FRUM GRVUINO TC ALTITUDE

ALTITUDE ZENIIH ANGLE OF PATH ll- LIGHT (DEGREES)
o.T.R .. . 3 9h 100 105 12C 15. 180

305 l.86.E-ul 9.5 '; E-C? 4.1(3ý-C2 2.426E-02 9.043E-03 3.780F-03 3.321E-03
olOt) _&t.6., .-2 1 .. 0,60-1 I U.",16E-r, 4.922r-02 1.8331-O 7.687F-03 6.8371-03
914 7.1561--l -. 3

9
3:L--I 1.379E-01 7.9bIL-2? 2.954E-02 1.245'-02 1.105E-0?

1209 .. 193 F 0O, -. 343t--01 ,e.09CE-01 1.198ý-01 4.434E-02 1 °89TE-02 1.671L-Oz

1524 1.68.3 0, 7.115F-CA 2?701L-Cl 1.5381-01 5.712E-02 2.473F-02 2.193f-0Ž

FLIGHT NO. 99 FILIIR NO. 4
E8..(TIQNAL PAJh AEFL•CTANCE FRCM GRCUNt' TO ALTITUDE

ALTITqIVE 1,NIFH ANGLE OF PATH CF SIGHT (DEGREIES)
MET-R . 1S5 12C 1sc 180

•'5

914
1219
15/4

FLIGHT NO. 99 PILlt L. 5
fIRFCTICI IfAL PATH REF-LCTAICtI tRoM ,R,'Y,, TO ALTITUDE

ALTIIUL.L ZIFNITH ANGLE UF 
P

ATH i1 ;iuii (ODEGREES)
hEk•FRý J3 )b 16, 1 c 1 12(, 15C, 1ac

j.5 2.552tr-U! 1.283E-43I 1.'7IL-0 3.035E-02 1.3271-G2 6.105E-03 5.499E-01
010 o.oS)E-C! 2.8718-01 I.1,44-tA 7.0C541-r2 2.fhOF-02 1.252F-02 1.125F-Oi
'414 1.09u ,O 4.8tL.-COl 1.91L-)l 1.115E-O 4.Ž871-C2 1.902L-02 1.698L-02
1219 1.79?k 0-) 7.353F-01 .-.7o7Lk-f' 1.5a6E-01 6.035E-02 2.6581-02 2.354E-02
1524 ?.80of 00 1.049[ n0 1.7(41-Cl 7.034F-01 8.095E-02 3.570E-02 3.148E-02



AL1I4UTH OF PATH OF SICHT 90
FLIbHT NO. 99 FILTi < C. 1

(JIRECTIUNAL PATH REFLECTANCr 1-ROP' GROUND FO ALTITUDE
ALTItUUE ZLENLIH ANGLE OF PATH Cf SIGHT IOEGREES)

MEER 3 91),o 1015 121, 150 lac
305 2.124L-01 1.060E-01 4.92IF-Oi 3.1208-n2 1.442C-02 7.613E-03 6.519E-Cl
610 .5.72OL-01 2.691L-01 1.1t)4L-Cl 7.186E-02 3.268E-Ce 1.7198-C? 1.4788-02
'Y14 l.1i49-1- 00 4.937F-Cl01 ~ 9LC 1.214E-01 5.414E-02 2.826E-02 2.427k-02

1219 2.193L 03 8.332L-01 ý.122t--Cl 1.8601-01 8.106ti-ce 4.189E-02 3.5941-0?
15,)4 3.989L 00 1.3111 ( 4.51BE-01 2.626E-01 1.12CE-CI 5.732E-02 4.904k-C2

FLIGHT NO. 99 FILi~k ;iL. 2
01RLCTIUNAL PATH REFLtCTANCE FROM' UROUND TO ALTITUDE

ALTIIU-,E ZENITH AN'ULE OF PAT'H Of SIGHT (DEGREES)
MFFS '3 95 100 105 12C, 15o V!O

3;!) 1.49oF-01 7.764FE02 3.616E-02 2.320E-02 1.1COE-02 5.941E-03 5.OS910V
"cdO 3.591c-ul 1.7L9E-O1 7.86CE080 4.954t--02 220-? 1.213E-02 1.0378-Ge
414 8.C8.¶-01l 3.897F-01 1.6V1J-01 9.8886-02 4.424F-C? 2.301E-02 1.9681--C

1219, 1.754Z 00 7.019F-A, ý.6d9z-01 1.610E-01 7.001E-02 3.579E-02 3.0511-07
1)'4 -09 Q. 1.037,- 00 3.741E-',! 2.200E-n1 9.429E-Ci 4.8C7E-02 4.09SE-02

FLI.PT NC. 99 FIL~tR NO. 3
LIRErLTJ14AL ?AliH REFLECfANICL FkUPt. GýRILND TO ALTITUDE

ALTIIU:'E ZV-NillH A14GLE OF PATH OF SIGHT (DEGREES)
KLTI¶Rý .3 1YlcC 105 120 150 18C

¾'5 9.37c-O, 4.932E-0/ 2.333E-1; 1.509E-02 7.247E-C3 3.913E-03 3.3211-03
UII z.391.-01 1.07u:-0l 4.e95E-G.- 3.12LL-02 1.470E-0i 7.924E-03 6.837F-03
"~14 3. T-l 1.8191-)l 34~~ .27C 2.4001-02 1.277E-0 1.1O5F-cl'

I4 l.,33u. 01. 4.42th-*U 1. 1~~/ 1.C93F-C-I 4.K1.1-C? 2.538E-02 2.193E-0.P

Fl-l,P1l '-0. )l, flLl .L. 4
,21w.1 ItLNAL PATH AEFLECTA'.LE FRCM (xLI_14 TO ALTITUDE

ALTITUi F ZiNFITH ANGLE OF PATH it SIGHT (flE&RFI-5)
Mtl TiT Rs 3 iSl ICC 15 12( 1515 laC

F1k ilfl o4O. 'i', rILT V.
1-114AlNL p111i lZEI-LECTACL FqNIM rR, 1.NL 10 ALTIIUCE

AL 1!'IJ.,F ZtNITH ANGLE COF PATH Cr- SI'1 ", IIEGREFS)
PtC Ti , loc Ic 2 5 "

5 ,.1 -0 1 b. 3199,-Q" .''4G 2.444L-02 1.155f.-C2 6.3411-03 5.499F-0
*,C *.7.- 1 fI t. 81)5Iý--OI Is. 2q I -i2 5.2?t8-02 2.411E-C; 1.30 E-C2 1. 1251 -0,'

14' 7. 1 '1-01l '.2: 3L-JI 1.3421-' 8.20f--02 i.7261--Cý 1.968'-02 1.698,-C,
11-4 1.19)f 02l 1.0"21-0i 1.973i -ci 1. 196L-Cl 5.272t--04 2.737L-02 2.354.-C,
I'". 1.981 00) 1.47P?-01 7.710--'1 1.6571-31 7.174t-C2 1.679r-C? 3.148F-O'



ALIOUTIJ OF P14TF UF SICHT - 180
ILIGHI NO. 99 FILTMf '40. I

UI'LC1I NAL PATt * EFLýCTANCE WRN GR#iItNO TO ALTITUDE
ALTITUti VNIIH AMLk CF PiTH 01- SIGHT IDEGREES)

METERS Q3 45 11' IC5 12C 150 180
•05 2.18IL-01 1.128E-01 5.377t-0? 3.560F-02 1.840E-02 9.157E-03 6.519E-03
610 5.957F-01 2.853F-01 1.?e3:-3L 8.365E-02 4.286k-02 2.094E-02 1.478E-02
Q4 1.169' 00 -. 122E-C0 4.1b9E-Cl 1.376r-01 6.872E-02 3.393E-02 2.427L-C2

1219 2.19-t O0 8.514ý-01 3.327L -Ol ?.C61E-01 9.988E-02 4.99O0-02 3.594E-02
1)24 A.96J3v 00 1 .3 2 6 c 00 4.7•4E-C1 2.869E-01 1.352E-01 6.811F-02 4.904F-02

FLItHT 40. 99 FILTL0 NL. 2
oIRLruTNAIL PATH REFLECTANCL FROM uRUND TO ALTITUDE

ALTITUi YtNITH ANGLt CF PAfl- OF SICHT (DEGREES)
PcTu 1 9 l(( IC5 12C 150 ILO

4 1.57,-01 8.3C6:-•C2 4.C2?l-<2 2.b79k-02 1.387E-02 7.024E-03 5.089E-03
o0I $.72w-21 F..66-0I E.6,?'-C2 5.652E-02 2.868E-02 1.o30E-02 1.037E-0Ž
914 •.o':-01 1.949V-01 1.7v31-(l I.GM8E-O1 5.397E-C2 2.714E-02 1.96SE-C?

121) 1.19PL Oý 6.9%4L-J1 2.771F-01 1.724F-01 8.302E-C2 4.193E-02 3.051E-02
1ýZ4 2.79,o 0 1.026e OG 3.b28c-Cl 2.3j6E-01 1.106E-01 5.651E-02 4.098F-02

FLI;Hi NO. 99 FILT7R NO. 3
CIRECTIUNAL PATH REFLLCTANCE FRWIM UR'b,.ND TO ALTITUDE

ALTITUDE LLNITH ANGLE UF PATH GF SIGHT (DEGREES)
-PLIERS -)3 P li, 105 120 150 18!'

3u5 1.007E-01 5.413E-GC /.68AE-CZ 1.824E-02 9.8O2E-03 4.840E-03 3.321E-03
6lO 2.21'tL-01 1.155E-Cl-_ n.567E-02 3.737E-02 2.022E-02 1.013E-02 6.837E-03
'J14 3.e97--jl1 1.95CF-O1 9.C32E- 2 5.959t-02 3.151E-02 1.602E-02 1.10SE-02

1219 6.74LE-l1 •.I6A-01 - 1.3C9E-Cl 8.9&1E-02 4.583E-02 2.360E-02 1.671t-07
l')?4 9.913L-"1l 4.356F-C1 .4•C 1.173E-01 5.914E-04 3.107E-02 2.193E-02

FLIuhT '0. 99 FILTER NC. 4
DIRECTIONAL PATH REFLECTANCE FROP GRCUND TC ALTITUDE

ALTI1UVE ZýNITH AKGLE OF PATH LF SIGHT (DEGREES)
P9O I9c IC5 120 150 180

305

I619914
1219

FLIGHT NO. 99 FILItl NG. 5
CIRiCrIuNAL PATH REFLECTANCE ýHU' GR,3UNn TO ALTITUDE

ALTIIU,;F /ItNH ANGLE 9F PATH iF SIh7I (DEGREES)
MLUtrS R l tOo 1C5 120 150 180

%,, 1.614L-OL .I.455-G? 4.ulJ-C' 2.711E-02 1.413E-02 7.373E-03 5.499E-01
61, 'i.tlet-C1 1.RF~' .EC3ý-C2 5.751E-02 2.936E-02 1.524E-02 1.125E-02
'-14 c'977-01 .. 2,',t"-J 1.4LIE-01 8.969E-02 4.462E-C2 2.308E-02 1.69SE-C2
I1I4 I.15at 00 4.91 •-01 c.C.M]ol 1.26eE-0! 6.153E-02 3.192E-02 2.354E-C2
lb4 1.8983 Do 1.273P-01 .PISf-,1 1.729E-01 8.191E-02 4.251E-02 3.14SE-02



Ai 140rh OF PA~TH GF ',1lhT '7,.
FLIGHT NO. F9 FIL IF O.e,IRI-CTIa3NAL P'ATH REFLlC9TA'XC ff 1 ý k:O c&L,, D' ;C 1A L 7 UL'F

ALT ITUUJE Z rNIIFS ANGLE "F f'ATa O~F S1,'H7 fOE,;REES)

?PrERýa ",3 V,!,t IC5 120 15'C 18C
3uJ5 2.05?U-01 1.049t5>01i 4,.7b610-O, 3.C5rF-;.3 .429E-02 7.62BE-03 6.519E-O?

1M9 ~?.123L Of0 n.1033-1 2'.43.-Cl 1.623E-01 8.OIOE-C2 4.236F-02 3.594F-0/
1524 i.8dil 01 1.270~ Or, 

4
.
4
k`)L-Cl 2.5751-01 1.114E-01 5.777E-02 4.904F-C4f

OLRLCTIUNAL PATHlS CFLcCTA,*CE fROM GOa~UND TO ALTITUCE
ALTITUUE ZfNirH AFCLE (IF PATH CF SIGHT (fl1G5EES)

MLTihRS '33 1,tCC 1C5 12U laSo
105 1.540E-01 7.911?F-02 3.VC5E-C,; 2.3ESE-02 1.1111-02 5~.939k-03 5.O8SE-0:
cbio 3.609L-01 1.1531L-Ci 7.911E-(e 4.99a61-02 2.311E-02 1.220F-02 1.037F-02
914 8.471L-01 I.1L l .N87E-O1 9.786t-02 4.42ki-02 2.317E-02 1.9681-0?

I1'i4 2.803F 1O L. aiCi !.L46-C1 2.1541-01 9.341L-C2 4.8131-CZ ',.098F-Oe

F LUHI' *1 C.3 99 F ILI t, NG.
L'IRELT1Lr.AL PATS, ,IIILETA !Lt FR!C,ý L&ULNO I TOALT, IUIE

ALTIIU,,k 1-AIIH ANUGI f.,F PAlH IF~.GHT (CIOPEIS)

NLLR 9.9 It 213 445 EC 1.2o-0 7.6C-C 3e40 .2IC-

col,) 2.11IL-.)i 1.Oe4L-C1 'a.97)Lo-02 3.174L-02 1.495E-OZ 8.C2&L-C3 6.e3lit-Of
,1!4 3_~1 *'-( 1 1.373,-01 z,..74t--Ci 5.219E-02 2.425E-02 1.2981--02 1.105'.-Ci

.1419 6. 7 z I-.1 I.1.16,.-Gi I.131'..CI 8.107E-02 3.686F.-02 1.957E-02 1.071,--O;

FLI',Hi 'C. )9 FILT. 1,C. 4
U1) 1 RIIu'NL P ATIli D L -L C1 A' CL Fi~2l C KaA..NL) TO ALTI ITUDE

ALTIIU.F ZVNlTH AN"LE 01 PATH CF SIGHT (ECG4E1ý)
Pi i ~., .) 'tl I f, 120 150 ido

-1.)
114

1)4

F-Li I-, 'C. i FILt,. f 5
olRFfSI-Crb4L "ATH 'ILFLtClA\Cit FkRC, GCSUND TO ALTITUDE

ALI~aU' Z LNITH AN.L~ 21F PATH OF SIGHT (Vi-PaEES)
5.ak. 3 ). SOC I'll 120 15r, I VC

5 .5 -- U] 7f-C' 3.727t.- 2.192ý-.J? 1. l'3L--C? o.3E5E-03 5.ý199E-C3l

6 .,34", -t1 '.1113 -, I I . ý5Cbt -CI 8.1 11?ý -0, 7. 71 At--UC .8rc 1.69BL-0i
I2.' 1.*145L V.ý '.71s9 -',I I. e,14. , 1 1. 160l -CI 5.?41'(-L' 2.762ý-02 2.3545--C'

1 14 1.89; It n, * .67'- I 1.612L-rl 7.1C4t-O,' '.700r-C2 3.146L-Ci



I

FLIGHT 1001

Moonlight. This flight was made approximately 60 km east of Khorat. The terrain was relatively flat
and consisted of deciduous trees and rice paddies. During this season (dry season) the tree foliage was
sparse, drj, and yellowed and the rice paddies between the trees were dry. There were a few artificial
ground lights. The atmosphere was hazy near the ground, with no clouds except a thunderstorm toward the

east. Data-taking started at 2038 local time and continued until 2144. The moon phase angle was 110; the
moon zenith angle during sky radiance data-taking was 670 at the start and 530 at the end.
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IRiRAPIANCE(WATTS/SQ.M.041CRO M".1
AL f 1~ I ~ ~SCALkK SCALAP SCALAR SCALAR

104ETER WEkkLLNG WELLING ALBEDU OOWNWELLING UPWELLIN(. TOTAL ALeEDO
it ~ ---7E0 '1.67725 *.u66 1.080F-03 1.1 -09L--04 1. 191r-03 .103

534 6.5 Ml-04 -5.241E-05 .0.10 I.a.3*E-03 1.496E-04 1.3851--03 0121
839 6.255-:-04 5.343E-0b5 fl,ý 1.427E-03 P.182ý-O4 1.645r-03 153

1124 9.85rL-04 9.t)02E-05 .090 1.924E-0", 3.2601-04 2.25OL-03 .170

1LI(,HT NO.100F FILT.-R NO. 2
IRAIN~WT!)Sl!.IP M.)

ALYITUOE ON- lip- SCAL4, %CALAA SCALAR SCALAV
(NLTEAS) WELLING WILLING ALatl'12 00UP;LLlhG UPWELL1NG TOTAL It BFVO

217 li.l 7 r:-64 4.080E-05 I1CA 7.263E-04 1.03
5
t-04 e.318f--04 .142

5,a 7.0286-04 7.4351-05 .1Co 1.404r-3~4 1.9621--04 1.6011-03 .140
W34 2o332L-04 2.451E-05 .10~ 4.9685f-04 9.300F-05 5.890F-04 .187

1140 7.040!:04 1.061E-04t .151 1.4661'-03 3.0681--04 1.77SE-03 .209

FLIGH4T ;iO.ioOI FILTER No0. 3
tARADIANC~fWATTS/S~oh.m1Cf,0 A.)

ALTITUjDE DW UP- .CALA4 SCALAR SCALAR SCALAR
MNETERS) .. WELLING_ WELLING ALUEOO DOhNWELLIN5 UPWELL",NG TOTAL ALPEDO

222 5.844E-04 7.395E-05 .127 l.49,13-03 1.841t-04 1.4801-03 .14?
536-4QO 6.32BE-05 .154 9.61dý-04 1.022t-04 l.144L-03 .189
839 5.150E-04 6.2231-05 .121 I.tCl7-03 1.647F--04 1.182E-03 .162

L141 -- AflkL4t=-~- 1*523E-04 *162 1.896E-03 3.6681-04 2.263E-03 9.193

FLIGHT NO.100' FILTi-k NO-J 4
ALTITDE 1fRADIANCE(;ATTS/5Q.MoMIC~!J P.)

ALTITUD UP- SCALA.4 SCALAR SCALAR SCALARl
(METEKSJ --- ~ 11 1 - WELLING ALSEDO 0OWNwFLLING IJPWELLING TOTAL ALBDO

222 3.792E-04 1.288E-04 .340 E.327E-04 l.86li&04 1.219E-03 .464
537 - 1.184E-04 3.701E-05 .313 2.874F-04 9.708!:- 05 3.B40E-a04 .33e
839 "9:V42-' 1.966'-04 .341 I.;'591.-03 4.4181--04 1.700t-03 .351
k14l 1.280 .32-4 .6 .049L-0 3 -5.M9e--4 2.6381-03 .286

FLIGHT NO.1001 FILILr .40. 5
____________IRRADIANCEIWATTS/SQ.M.tPICRt M-.)

AiI.TTUOE nowt,- U-IP--- SCALAR4 SCALAR SCALAP tCALAR

M(UI -RS) WELLING _ ELLANG ALekOD Dl:W~ElLlNtG UPWFLLINr, rOTAL ALSEDO422:i 6-3--- 5.742F-05 .090 ;,176ý-03 1.4?1IP-04 1.423ý--3 .115
536 4.421t-14 4.90PF.-0 4111 ".095"04 1.3272-04 1.022;-03 .149
838 9.357:-.)4 1.097':-04 .121 1.851E-0'1 3.357t-C^4 2.107-O-0 .161
1140 - .10oli-tý3 1.191E-1,4 .10.4 2.123ý-03 3.256L-04 2.449~-03 .153
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FLIGHT NO.-'I0"Io
)tIMUrH OF PAW CF SIGHT =

DIPeCTIONAL blEFLECTXWCE OF BACKGROUR.1
ZENITH FILTIRS

ANGLE 1 2 5 3 4
93 .51936 .40561 .32480 .62720 .92-67
95 .35092 .23553 o 3CO5 .35719 .8010..

to0 #17513 .14347 .17144__ .17439 4.o1981
105 .10250 .11111 f1586-9 .13945 1.71320
120 .073,6 .14633 .oeOL4 -. .10084 .19993
150 .04746 .07564 ,06055 .09830 .19546
180 to'o99o .09900 .08944 .15199 .14412

FLIGHT NO. lOCI
AZIMUTH 01- P^Tt- "F SIGHT c *V

VIRFCTIOyl ICFLFCTANCE PF BACKGROUND
ZENITH F TLT'R;
ANGLý 1 2 5 4

93 .19976 .30982 .29265 .310s8 .66620
95 o15152 .23147 .20511 .Ž0183 .53755
100 .11253 .11866 .14449 .13656 .42925
105 .08757 .1C07C .11462 .10983 .62746'
120 .05443 . C,315 .o07729 .10733 .28876
15-Q- - 0437ý3 .07916 .05991 .07975 .20635
180 .0ý996 .0990h .06944 .15199 .14412

FLISHT NO. 1101
ALIMILTH OF PATý LF SISHT a 1,0

DIRECTIONAL 9CFLfCT4NCE OF 8ACKGROUNC
ZENU1.T -. FILTL!, -

ANGLE 1 1 5 3 4
93-- .177Tw .23897 .272d0-.. 19.iQ... . 6201
95 .109)4 .1r12' .21410 .14249 .74966
O00 ... .1__ - - .111U9 . -* -19. .*..7.5-315
lo0 .10920 .0978t .13591 .18001 .79571

----120 ------ 4 61- --------- kl1J60 ---- - ,.lAU8------ L5Zl------- 4S21.66
15O .04826 .07846 .06787 .15300 .16708

------ -fg99e, .99v& .08944 *15.99 .14412

FLIGHT NO. 1001
AZIMUTH CF PATH OF SIGHT a 270

DIRECTIONAL REFLECTANCE OF PACKGe'.)IjNr.
ZENITH FILTiRS

ANGLE- -I-.. - - 5 3 4
93 .25*1 .26573 .27297 .28802 .64223
9! .1463ý .16594 Izci7 .16630 .63716

100 .09753 .1166P ,ICCkt .11541 .60842

105 .09518 .11339 .0sC15 .13473 .42595
120 .05798 .11037 .C8731 .17013 .25857
150 CS167 .07856 .0,,735 .10,112 .18419
180 .05998 .09906 ,0C944 .15199 .14412
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FLIGHT 10011

Overcast moonlight. This flight was a continuation of Flight 100 1, afte- the formation of a cloud over-

cast and in the same area apprtximately 60 km east of Khorat. The terrain was relatively flat and consisted

of deciduous trees and rice paddies. During this season (dry seasonM the foliage was sparse, dry, and

yellowed and the rice paddies among the trees were dry. There were a few artificial ground lights. There

was a continuous cloud overcast at 1500 m. Data-taking started at 2149 LOT and terminated at 2221. The

moon was completely obscured by the overcast.

-1
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DATE 40369 FLIGHT . I0 10)11 *;ROUNIO LrVEL ALTITUDE -1. 231 IUP.1
ALTITUDE TOTA! !CATTERIn',lG UEFFICICNT (PER MLTER)(N•-STLH FILT Ti , 1 3 40 1. -,., 1. 3

oe, -04 :.942t-,5 1.41G.-043u 1..51, - 4 1.Th1 -U4 1.909,-..5 1.405F-0461 1.610 -"f. L, . k5o--04 -1. 3 76;= -9} 1 1.400O--04
91 1.6tb. -04 1.?5? -"4 ).843ý-(p5 1.396L-04122 _ . 1,09;-.04 1. 4IV-,_4 9 . 01Or-)5 1.301,_04152 1.i94-14 1.34-^ -04 e.777-15 1.3dnl-'4183 l -4 1.-3, - ;4 7 5 1.32t-04213 1.,6 t-04 1.334-,4 .7121-,)5 1.377E-04.244 . ."b4,-4 . 32-',1 .C -' 1.3711-04274 1 . 3 1.316 -14 u.4T4 -,5 1.381F-04305_ 1.572E-04 1 .3274-04 ?o4CZ--.5 1.347L-043-45 -t. 571M -04 1.331F-j4 4.45,-' b 1. 348F-04

.. 66 1.571 -04 1. 13j) - )4 1.3851-05 1.3431-04196 1. 5 7 ý'-- C 4 1 .3 Z'), -,:,. 9. 3211 -,) 5 1. 322r-04427 1. ! 53 -; 4 1.33b -U4 1. 249 -f5 1301L-044.. -• -- .... -- 55
71--04 1

.34o' -r4 4.1' 2-, 5 1, 298f'-04_488 1.564,-04 1.339;-'3, 9.25t-k-05 1.279t-04518 I , -4 j.3V-- 0 4  ).193E-05 1.279,%-04_549 1 ,.367-04 9.298E-05 1.271F-04579 1. 56t; - L .39o' -04 (*.361L-05 1.274i-04
610 1.1g' -c4 l.406.-04 ).215M-05 1.271t-04
o40 1.5J. -24 1..40Jr -;4 9.29tsf-05 1.285F-04.. .. -,' 1 .- 4 1- . ... t.2 1.27 F-04701 1.61-s -34 I .9•-'4 q..76t-05 1.276E-04732 1. O41--4 .1.374t-04 t ., 7c-65 1.280E-04762 1 60d•-•4 1.374"-04 V. lF-0• 1.2491-04792 1.60b6'-04 1.34or-o4 -. 861r-05 1.2511-04a2l ------ 1.610C-34 1.342!F-14 P.773L-05 1.264F-04853 - 1.629,-004 1.3361 -04 5.863F-05 1.?70f-04884 1. 63•7-04 1.331•-•,. R.e971-05 1.314--0.4914 1.43_---4 1.1. -o-. ,. 833t-C5 1.345,-04945 1.62),-14 8,• •0 .761ý-05 1.334F-r54
975 .... 1.612,-,)4 1.32, -J4 9.714f1-,5 1.303L-041006 - 1.674.-04 1.1)2-,'4 8.89,.--5 1.2991-041036 -1.612--^4 1.32).-)4 9.1M5•5-c 1.30dL-04106"7... 1.637--u'4 1.3),•- •4 1.llSC-r 5 1.787E-0410ý7 1.659t.-04 1.3Zo,-U4 9. 1360--05 1. 283E-04

1128 1.6.6?E-04 1.323f-G4 9
.093E-05 1.294E-041158 1.612t-04 1. 151 ý-04 9.2354-05 1.311 E--041189 1.6n5L-o4 1.439E-34 9.407i-0 1.2991-041219 1.o13t--,j4 1S.51E-U4 9.355F-05 1.313! -04125o 1.60jr--.) 1.492-.-f'4 9.646E-05 1.3151 -0412b0 L .07ý-04 1.417t-C' 9.5351-05 1.340 -041311 1 olO -04 l.b,-O4 Q.756,-35 1. 3

P9c-04J441 1.577. -04 1.546C-04 q.570F-05 i. 388t-041372 i. 587!-,34 1.41F-0 5. .5381-05 ,..3831--0414117 1.!)b2 -04 1, 530L-114 9.5('7L-05 1. 379v-041433 •. 577t-04 1.5"3tt- }4 ".475L--05 1.374E-04
1463 1.571i-04 1.52o,-04 9.4431-C5 1.370E-04149' 4.5661-04 1.5L-"4 ;.4121--05 1-.3651-0415;4 15,I- !,/ n4 '% 3eF-"5 1. 361C-041514 1. 556--04 

1.•1.,4 • 4•• .356F-041585 1.5,14 -- 14 1. 50t, -'14 •-318F-u5 1.352E-04
lois 1.,>45. -)4 1. 01--34 9.ZdP. '5 1,A47F.5041
64u I. 7401-0)4 1.49,--(A ' ..236,--c5 1.343U--0a1676 X."5;'0 1"9•-4 226(-05 1.338E-04

1707 1.530, -04 1.4A61-04 9.15•ý-0 5  1.334F--041 13 7 I ' 2 • - 1 . 4 8 1 r - '34 1 .1 t4 F - n51 . 2 E 01761 I-t' -04 1.476"O0< 9.1=•-5•- 2•0
17ge~~~~. 525 15-40-7r-4 9.'

1d?9 1 1-:4 1.466^-01 ).u?3L-05 1.4 -!6r--n4

FIRST DAT4 Atl.

LAST DATA ALl. 4r, ,di ,5 44

6-174



B
II~

FL!',HT NO. 10')!! F TI Ir, 'JO. 1

r A X 1R-1.6;MI)TANCE -•]LM iLOUNU At TITUUE
ALTITUOF Z'.JITH ANGLE OF PAfW .F SICHT l0bGflEES)

METLR!, )3 1o. I(" 121 151) IN)
3t5 M 91Ml .572669i .7159442 .8288496 .9074024 .9454439 .9525767
.)O .1533618 .33C9477 .'740668 .6890994 .8246858 .8946830 .908122;
414 .o573s.fn 1S.120l .43?4410 .5b98154 .7474097 .8452771 .8645,186

1219 .020914d °1l),.001 .3250884 .47('t375 .676892e .7982715 .8227350
1lA4 .3:076404 .Ovl!

9
61 .?46C6!0 .3903342 .614486C .754q138 .7638916

FLI ,HT 0O. 1"JM F ILV L J. 1
3F.' TRAWITTA'-Cr F001t r"L,'L'40 T$ ALTITUL;F

ALTI1Une L. llTH ANU.LL uF PATH 011- SIGHT (OIGRrLS)
MEFTERS 13 "I Lou I L) t2L 15," lqO

101 .4.544435 .62'13737 .7901C0,' .3j37931 .9214367 .9538589 .9599L50
QIO .2027M44 3II. 3 .623466V .7283412 .8486708 .9096150 .921-331
414 *080'13) .241.1476 .4)0448o *62CN'282 .7808080 t1668878 .8836334

1219 *-3",2 6o It1 6t .38174C031 .')292834 .7194002 .8268408 .01481746
1r?4 , 0146:i-2 .0W863i, .2)64319 .442284U .65S5434 .7836368 .8096564

im-LI ;hT 40. 10 11 FILTL-. , 0.

-' , I ,SK-TIA.Ni ,• I-ROM .t'C4}4•) TO ALTITUDE
ALTITUI!I lIfNITH ANLE OF PATH OF SIGHT CEGREES)

NETER 8. . _00 - ._ tooI ... . 120 5 ' 181)
1305 .45i4 .itb61?7f .b440264 .891753d .9424209 .9663407 .9707837
?,40- .3234360 .5149614 .l1-OC05 .7992041 .8904549 .9352085 .9436394
914 .187194'3 .37',837' .6119109 .7192554 .P431747 .9062093 .9132455

1219 .10u4N26 .V('136,) .tj18r3.) .6463507 .7977947 .8777217 .8931935
1504 . .19,O109, .4414o5? .5 777662 .7-27900 .8487848 .8676347

FLIHT .40. 10"!l FLIP' NJO. 4

$,CAM T NSMITTMINCE I-',,M r',,LUN,• 1 ) ALTITiVE
ALTITUVE 'NITH Arl,,LI OF PATH OF SIGHT (DEGPEES)

#:FTLRS 93 95 100 10 3 12k' 150 1 aO

914
1219
1524

FL14;HT NO. 10011 FILT,:(' '40. 5
6EAM TRANSM!TTANCE I-RlO GROb'JD TV; ALTITUOe.

ALTITUiJE ZFNITH AN,,LE OF PATH OF SIGHT (GEGREES)
#JFTEXS 9 1 9'1- 1(•., l, 12( 15. luO

"305 .4477s:)4 .6157301 .7b09543 .8493340 .9189425 .9523674 .958.149
-. I0 .202909s .3904553 .6237429 .7285580 .848b016 .9096959 .9213.)41
914 .0930324 .2498298 .498i074 .6268453 .7852401 .8697204 .8861377

1219 .0413194 .1,0330115 .3964729 .5375655 .7252054 .8306665 .8515899
15.?4 .1?74317 .096244-q .3120545 .4577903 .6673414 .7917486 .8169097

6-175
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FLIGHT 101

Starlight before moonrise. This flight was made over the Gulf of Siam, approximately 95 km south of
Rayong, where the depth of the water was 60 m (33 fin). The sky was free of clouds but the atmosphere
was very hazy at low altitudes, presumably because of an offshore (north) wind. Data-taking started at

2030 LCT and ended at 2140.

6
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--------------------------- -b
S.I TRRADTANCEIMATTS/SQ.M.PICAO M.)

ALI 4IU W - UP- sc-----kufl SCALAR SCALAR

------ L.N........ . G. _AL.BEDOO_ .OWWELLING IUPELLING TOTAL ALSEDO
164

782

1399

FLIGHT NO.101 FILTER NO. 2
IRRAOIANCE(WATTS/SQ.M.MICRO N.)

-------- ---- ------ •.SALAK S_.......... S A CALA. ,CALAR SCALAR
(METERS! WEELLING WELLING ALBEDO DOWNWELLING UPWELLING TOTAL AL8EOO

.. .._ 1 ... 138.---..7....... ...... I2061-05 3.1761-06 1.523E-05 .263
484 6.954E-06 9.6391-07 .139 1.2')35- 0"5...3".,*1498 F- 36 1.612E-05 .247
73 ..092 E-06 1.059E-0 6 .149 1.327i:-o5 3.4

7
8F-%, l.674C-O5 .62

1035 7.2041-06 1.183E-06 .164 1.399L-05 4.00515-L6 1.7991-05 .-06
1399 7.654E-36- 1.4141-06 .1Z5 1.47?4-05 4.471C06 1.921C-05 .303
1718 7.381E-06 1.5G,77-06 .204 I.444F(-05 4.q82L-06 1.942E-05 .145

FLIGHT NO.101 FILTER NO. 3

DOW4- UP- SCALAR SCALAk -SCALAR SCAt A.

~j.E'•j__.j LU.C --------W--LLN ..... ALB.EDO_ OtWNWELI ING UPWFLk ZNG TOTAL ALREDG
164
4•3....
782

.1085.,.
1399
1713-

------------------- F.LZGt"ILKQLIQA. .1----------!tiR 4.. 5
IRRADIANCEIUATTS/SO.M.MICRO N.1

ALT1 TUPE DOWN- UP- SCALAR ZCALA CALA4 :CALA:"(METERS-)" W...ELLNG... .WELLIRNG .- .. w-LH UPW5LLN TOTAL ALBECO
169 1- _l,5F-_•5.5... 49E-06 2,1425-o5 .166
483 1.0006-05 1.01 2t.-06 .101 I,9321-05*" .4_6'6&:--6 2,279C.-0S .179

... ........ 2.6 ?.475.-05 .19
1086 15091U-05 1.304E-06 .119 2.182E-05 4.316E-06 2,619F-05 Ml

11502.-06 .134 .1.7693-0 4.9111-06 2,750E-05 .217

05 ....... .............--- --- --- -- - --

915 .025081

95 .37385
0o .... .29002

....I, ......... :10638
150 ..... 05)081

0 .. .04945
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r,.A H 40669i F-LI'..H1 NU). 101 GROON:D I FVFL ýLTITU:),, .) 9 Iup'l

ALTITUDE VITAL SCATT-rZ.P.N* COJEFFICIE~NT (P[R MT-~
IKFTFPS FILT:.,'S 1 71

0 4.4Lr! ý.663,T-05 .56-' 4.0342'-05
4~ l.432t*-US .910 .~~O 4.021E-05

61 4. 4 17ai ?1' .%57Si.05 le. 539F-05 10.001-05
7L 4. 4n3f-G5 .1.1610 -05 2 530L-1)5 3.q94ý. 05

122 4. 559V-05 i. isir-05 7' . ?2S )ý 3. 9R It,- 0 5
I1i 4. 3733-0'i -5431 -05 2. 1141 '-, 3.96SE1-05

213 4.441F.-05 ~9 6,.-:) 5 ;1.48l-- ,.92~3!-05

?'74 4.4 d af.-(; 5 3 . ~(12r F 0 ., 3. 9,41 i-05
'305 4.4?2F-U95 J.717'--L-, 2.jJ 1-~979q'-05

43 4. 'JOI-0 5' 13. 719 -0 5 2 ~'3.965-:-05
.366 4. Ot;- 05 3.651r-0j5 P. 5-)6,: - 0 3.945!.'-5
.I6 .506L-05 3.779h-05 2.517 3 .2-.O
.2?7 '4. !fj2I-0% __3.756i-0; 7)'. 0S4.9M,-015
457 4. 4_')OL-05 3.754-U'3 li3~ -'P 4. 2 23' -OS

CI /.543t-705 3. Pol09I -,)S 5 1 o t; 4.*193r-o5
'ii S . 52L0 3. 872 F- 0 i . 511 l*_-O)5 4. 061F-05

59 4. 747[L-05 1.944' , ~ 1~3 4.0131-05
79 4.eO3L-R05 4.0283- 2. )3.,-15 4.031r-05

610 4.690h-OS 4.0661-15 2.3:L4.rOO1'05
640 5.003E-05 /I .'R6i -11 1. 51 3'--5 4.067E-05
671 5.0,14 F- 1)5 4.28-il-05 0. 50'7, ', -pUS.1ý0
'10! 5.058F-05 4,.7)4,-C) 7. 544'.-J 5 4.402C J5
73? 4.976F.-05 4.7971 -(iS 2.5~591-05 4.369' -05
762 4.))3F-05 4. 2. 517F.-fl 5 4.776r~-05
792 4.963U-05 4.?94,ý-OS~ M'~O 4.42IC-0,
,7.3 5.'0-~ 4.232r-.25 ?.574,ý-',) 4.33OF-05
M53 4.94 5E-05 __4.2IbL-0S W. 567F-05 4.4.9k-05
Sb4 5.015t-054! -4 .2Art-U5_ !. )3r-,0'5' 4.459E-05
914 A. 132k-.05. 4.261t:-0O'ý 0.13"Z r,5 4.363b-05
,j45 S. 336 r_05 t.2?77 -05 ;l. t" ?u "-Q V 4. 3151:05
97S 5.ýOdý-15 4.764-0 2.V7 7- -')- 4.414:-05

1036 .590r.-05 ,- . 2.1bt'l -)I) 4.50SE-05
I o6 7 .9 7 F-05 '*-62". 0*. 1 ? -'1l 5 4.673t--OS
10 97 !.99Jý-O!. 4 .5 *s -0, 13" -, 4.6511 -04
1129 5. Fl14 E- 05 4 . 45 1-.-O 0') 7261- '5 4.A23F.-05
I 15 !).7.9E-05 I.. ?"1:I:- i j .7 35 ,:- '5 4.90l3,-05

1250) !.2.13E-U5 4.233r-05 '7~'u 4.311F-05
* 12110 S.150E-05_ -. 1781 -05_ '.7'9, -It 4.30O

1311 i. 256i-os -*.2 11 :--u5 2. 7371 - )5 4. 223C-05
1341~ 41hL:0 .230k-05-_ 76.-) 4.232F-05

1372 5.1)42;ý-05 *i.22S'P-05 2.756,'-')' 4.302L-05
___ý 3.1.23E-05__ 4.21135-05_ 2..77V7-05 4.3501-05

1433-- 5401-O 4. 22 3,.- 0'5-' ?.7-7 2!.- -5 4.226t-05
41,6I L- -31LO5 4 .19 0j1,-P-5_ ?. 6 :15 ' *.5 '.238L-fl5

14'14 5.42SE-C'S 4.21hZ-05 2.7911F-05 -4.266E-05

155 5.49f3E-05 4.17foh-Ct 2'. zirf-., 1,4. soa3ErL--o0s
_51.44S-3i)5S 4.1146L-15 _ .P'38i:-3' 4.172.;-05

161i 5. 3 I 0 -5 4.162,:-05 2. r tp,':- 15 4.1 37E*-05

1707 4.68no--)5 4.082f--05 ?.b2-5

1768 4.,.9!U-15 4.055E-05 7. (43- 5 4. 114.ý-05
1794 4. , ý31:-r5 I(.042C-05 -2.t34ý-15 4.1002-05

FIRST 'JAVA At.?. 71 A7

LAST DJATA ALT. ',T. .!*
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BEAN TRANSMITTANCE FROM GROUND TO ALTITUDE
AL'TI'YUOE . ..... ZENITH ANGLE"OF-P'TH uF silss; tutt.KEWT-- -

METERS 93 95 100 105 120 150 180
. .3 5 .......- --------"••07856 . .------ . 9134189 .9845661 ;98661S9
610 .5870409 .7303473 ,8t40O09 .8995895 *9466983 .9688706 .;9729842
914 --. 4•3' 147 .6133532 .782437q .8482285- .9183731 .9519967 :958291;
1219 .3075381 _. 504704o .7094985 .1943275 .8876382 .9334944 ,9421455
1524 .2196428 .4186857 .6499841 .7458872 .8591931 .9161093 .9269W67

FLIGHT NO. 101 t IL 1 JO. 2
BEAM TRANSMITTANCE FROM -iRUUN0 TU ALTITU}E

ALTITUDE ZENITH ANGLE OF PATH &}F SiGHT (DEGREES)-
S.... 9-- -----------••--- . - 95 - 100 105 o 120 150 If;0

305 .8097851 .8819827 .9399141 .9585b924 .9783473 .9874410 ;9891144
. 610 .*4.511. .7716776 .8780171 .9164201 .9558259 .9742528 .9776615

914 .4978369 .6649560 .8148131 .8716188 .9313454 .9597676 .j9650624
1219 .3794349 *5101570 .7542776 .8276231 .9067071 .9450256 ,19522117
1524 .2907113 .4920002 .7004777 .7875374 .8837024 .9311074 .9400544

FLIGHT NO. 101 FILTLR o0. 3
REAM TRANSMITTANCE ERON-G.R.ADLT Aj.TITUPk

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
---. EIER .------------ 23 ---------------- -- ---- 1010- .- 105L- -- 12o 150 160

305 .8628454 .9159453 .9568893 .9708671 .9848122 .9912030 .99237810
-AID- -7.23611 ----.. t ......88.2Ja 6 ------ .55814- . 4k4kq 9698343 .9824712 .J9848317
914 .6351775 .7670170 .8753515 .9145528 .9548111 .9736591 .9771414

1219 .5374697 .6979833 -_ 0__4_ -. A8k9.634 .9392482 .9644612 .19691482
1524 .4514159 .6336309 .7953160 .8575700 .9235445 .9551181 J96101•2

FLIGHT NO. 101 FILTER< NO. 5
BEAM TRANIjT AfTýR.• -GROUND TO ALTITUQE. .

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT (DEGIEFS)
METERS ------------ --3 - --95 100 105 120 150 180

305 .7918212 .8702927 .9326473 .9542951 .9760745 .9861160 M9879648
610 .6212629 .7551890 .8685502 .9097791 .9522340 .9721374 ;9158248

S.......------.....-------------...--------...----64*'716 . 8b5171-8 --- .-- b46957- .927503-2 .9S74797 .;9630697
__ 1219 .3605545 .5537086 ._ .7432761 .8195048 _ .9020923 .9422456 .9497b54

1524 .2749407 .4767476 .60, 4921) .779229q .8788646 .9281611 .9374718

6-180



--------------------------.FLIGHT NO. 101 FILTVR NO. I-
PATH RADIANCE FR(M b,00UND To 4LTITUOF(WATTSISTCR.SQ.M MICRO M.1

ArLT ITUE Z'NITH ANCLE OF PATH 0-W SIGHT ( EGWEES)S#k§ 93 95 1 1Qi 5 120 150 18O
305
610

1219
1524

FLýTNO 0 1 ý~ qrb. I - ------- -

PATH •AOIANCE FROM &ROUNO TO ALTITUDE(WATTSISTER.SQ.M MICRO M.1
ALTI TUOE _E7NTfWAWfL9_U3FPfFfH 3WIDAfWTUMMV -

OLTERS 93 95 101 105 120 150 180
1"15 2.319t-07 1.419E-01 7.090k-O: 4.6'49E-08 ?.204E-08 1*115F-08 912MO-09
610 4.43IE-07 2.80W?-U7 1.449E-il7 9.)98E-09 4.612f-08 2.361z-06 1.953F-Oe
914 6.447E-07 4.234F-07 2.2iau-07 1.512E-07 7.346E-08 3.777E-08 3.135E-08
1?21 8.i3)E-O7 !).6641-07 .1131-C7 2.106E-07 1.030F-07 5.276F-08 40367E-08
154 9,953e-07 6.967F-07 3.93?F-07 2.690E-07 L.3286-07 6.789E-08 5.605F-08

FLIGHT NO. 101 FILTER NO. 3
PATH RA"IANCE FROM GROUND TO ALTITUDE(WATTSISTER.SQ.M- MICRO N.)

ALTITUDE ZENITH ANGLE OF OATH OF SIGHT (DEGREES)
ftTERS-------- 93 95 .... 0 105 - 120 150 !80

305

914
1219
1524

FLIGHT NO. 101 FILTER NO. 5
PAlTH _ADIANCE ERUM GROUND TO ALTITUDEIWATTS/STaSR.SQ.M MICRO •.)

ALTITUOE ZCNITH ANGLE OF PATH OF SIG;HT (DEGIVES)

____9 __ - 5 _ 00 __ _115 120 153 180
305 3.53'3E-07 2,16F-01 -1.0811E-ul 7.04?E-08 3.302E-08 1.669L-08 1.383F-08
btO 6.65SE-07 4.229E-07 2.177E-07 1.435E-07 6.798b-O 3.445e-08 2.055t-06
914 9.642E-07 6.343r-07 .3.0E-07 2.243[-17 1.071E-07 5.419E-08 4.;42E-08

1219 1.243f-o6 -3.466E-O7 4.640F-07 3.121E-07 1.5031-07 7.583F-O6 6.218E-08
1'524 1.41i-06 1.037V-0b 5.846F-17 3.9721-07 1.930E-07 9.?281--08 8.C1IF-08

6-181



V.I'dkT No. lot O.
DIRECTIONAL PATH REFLECTANCi FROM t;ROUNJ4 TO ALTITUDEALTITUDE ,!TIT-AWGL -OF PATWUF -1GITT-TDEGWEE S) --

SMETERS . 9 . .. . 95 100 105 120 150 ISO

0- - - - - - -- - - -

914.

1524

_- ........ ..............................................---.

101 LTEI 10.
DIRECTINAL PATH REFLECTANCE FROM GROUND TO ALTITUDE

AETITUOG ZENITH ANGLE OF PATH OF SIGHT (OEGREFSf
&I-ETE$ ----------- 9.5 ---- 1-0 9 5___ 105 120 150 180

305 1.398E-O 7.857E-02 3.693E-02 2.3691-02 1 .1002-02 5.513E-03 4,J54BE-03
-------------------- hIA --.----- 0 8.060C-O2 5.15E02 2571-k02 1.184F-02 9.781E-03

914 6.325E-01 3.1102-01 1.354E-01 8.475r-02 3.953E-02 1.922M-02 1.587E-02
-1.219 J._LMk0 4,8502E-01 2.016E-01 1.243E-01 5.550E-02 2#72TE-02 2.240C-07

1524 1.673E o0 4.917E-01 2.745E-01 1.668E-01 7.337E-02 3.5611-02 2"2912E-0'
---------------------- --------------- ---------------- --------- -------------- -------- -------

FLIGHT NO. 101 FILTC'q NO. 3
L.R1CT•kT_ PATHN REFLECTANCE FROM G 4OU.J0 TO ALTI.TUDE

AL-TIrU-OE ZENITH ANGLE OF PATH OF SIGHT (O1GREFS)
NFTLRSk ---- 10 -- I---10-----5--------- __ 120 150 180

305
---.- .kO_.

914

1524

FLIGHT NO. 101 FLE O

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT COEGREES)
-.... .•_9T. .. . - - 95 - too 105 120 150 1SO

305 1.466E-01 O.174;-O" 3.8011-02 2.4211-02 1.ZLOE-02 5.552E-05 4D459E3-.3
_610 3.516E-01 1.8a7E-01 8.224E-02 5.173E-02 2.342E-02 1.163F-02 9g0S7E43
914- 6-.6201-01 3.2ti4E-Cl -----~- - 8.-6Yi-0E- 3.789ti-02 1.657E-402 1.1527ci;O2

31_919 . 3j 00 5.016OF-01 Z.04,,-01 1.2.49E-01 _ 5.465E-02 2.640E-02 2J162si-02
1524 1.765E 00 7.13?o-*! 2.7812-C1 1°672E-01 7.2051-02 3.4381-02 !J-663 E--2

6-182Z
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FLIGHT 102

Starlight before moonrise. The flight pattern was from 15 to 90 km south of Lop Burl. The terrain was
flat, cultivated with rice paddies, and included small settlements. During this dry season the rice paddies
were dry and other vegetation had lost its lush, green appearance. There were no clouds but the atmos-
phere was very hazy at low altitude, presumably from the burning off of stubble in the dried rice paddies.
Data-taking started at 2034 and ended before moonrise at 2137.

6.183



FL I GHT ' 40. 102 -FTLTt-P jr,.I
JRAADIANCE(WATTS/SQ.M.NICO M.1

(METERS)b U-- SCALA? SCALARI SCALAR S'CALAAfNTR3 WELLING WELLING ALGFO0 D0WNWI:LLING UPW'tLLINr, TLTAt ALREDn147 7.437E-06 1.4?4r-.)6 *191 1-422[-05 ').d93r-06 2.012.--05 .414435 6.749L-56 1.?34 -A6 .1U3 1.25Zi--05 4.527r-06 1.704L-05 .362757 6.997E-06 9-Z54~-0-7 .132 I.30NE-05 3.046[-06 1.609k-05 .233-1059. 6.7711E-06 1.910F-J6 .?V2 1.261)E-0i 5.054t-06 1.765F-05 ..401636! 874E-44-i .173 1.980~ 47.-f64V-06 1.165tu--05 -. 3f71670 6.8118-06 1.234,-06 *11 128cfS .6rb .9l , *1

FLIGHT 140.102 FILIL-R NO0. 2
ALTITDE OON-- R.1Ar'IA'4CE(WATTS/c.ý,.m.MIC'4O m.)

LiT E ON PPý- SCALAr, SCALAR SCALAR SCACAK-MTR) WLI~ WELLING ALBEDO I)OWNWELLING UfPWELf4Gi --TOTAJC AIBEDO155 '-7-503E-06 1.753E-06 -94 I.442L-05 6.112E-06 2.054,?-05 .424
_757 --7.344E-0-6 1.ufi --0 6 _.257 1.4031:-05 6.253E-06 2.028,-OS5 .446
.)A!?7-;74~?F-06 -1.6dF-J6 .232 1:399-05 6.091-O 2.00 l-05 .4351689 --- -----.

kq67.t98E-06 2.142E-06 .305 1-387E-05 6.963E-06 2.0838e-05-.0

FLIIHT NO.102 FILTE?. NO. 3 -
S---------ATS/.(*Mt~C~ M91ALITDE DON- UP- StAR SCALAR SCALAR -SCALAPSAYRLEjp ELLP(G-ALjpEqO--D--OWNWELLING UpwM -IXN w TOTAL ALDED0154 1.6E-5 ý.3,>8E-06 .456 2.519E-05 2-026E-05 4.539F-05 .6C243 l04F-~ k~3,--ý6 2~5 .I7 o -jj=U 2j7571 1.0911L-C 3 S-1?3E-06 .2d6 2.263L-oS 1.088E-05 3.3518-05 .481

--x-- 3 o------- ---- oukL.:5 -IZ.O05
1368 1.&W 73 Q-os -5# 2'6c-0 .479 2-4608-05 1-863E-05 4.323E-05 .757576-o6 .472 'Z Eo5 l 9  D 94 h0 -,-.40

-.--- --IGT4Q0 FAVTF NO.-5
FRRADIAP4CE(WATTSSQ-.M.MICPuj P.) - - -ALTITUDE 0ickK -- :- SCALAR SCALAR SCALAR SCALAR-vaný ITW IýL~~ LLI NC ALBEDO ------ YWGP-iLLTL-1-3 I021 E-ou 9.. -646-Jt, .259 1 --994E-05 7.~915E-062.786C-0 .39743-5 103F 3.7138-06 .363' ?.-26E-05ý 1.28E-O5 336-s .3757 1.107L-05o65Ws

1061 _.8t-~ 1.925t-06 .174 .- i18OC-o5 6.046E-06 2.7858-os .217Y.f : ,6.o57r-o6 .513 23.-5 1.a6b - 4~s- .1- 166 1.04-y 3.12B8-06 :283 ... 2-190E-05 9.56IE-06 3.146F-05 .436---------------------------~6 .79-i 331 2.12SE-05 1.15 5 8- .l

FLIcHT NO. 102-

PlA.4ECTJ.Pk4L -ALFL8CfAN'CE'F BCG0
ZENITH ~~~FILT,'S-------N

95
100

120
130-
ISO

6-184



---- ---- - --- .---- - - - - - -- - - - - ---- - -------- ------ ---- -- -- -- -- ---

DATE 4•v 7o9 FLIGHT NO. 10? GIROUND LFVPL ALTITUOE ( N.)= 3# ItJP-l

ALT! TL.O TO-,IAL SCATTRI, CCtEFFICILNT (PR METER)
(METL'S) F I LT,'.. I ' 1 4

C. 6.4-lU :-,IU 4 . •747 -0: -.- '., 5.253s -05"1.; 6. 474. -1'5 4.°9-),, "-0,3 i;°bG6ý-Ol 5.235,.-05
I%1 6. 41)6 -!.' /4.941 -05 3.U74E-U5 5.218c- 0 5

rl CO.o33 - ý 5 4."q25'--(P•, 1.6t 2,:---)5 5.200["-05

12? 1 u.1 - '5 4006. -"t' 5.649F-15 o.133L-05
1I;? o. 3j t - 0. '!. 9.9?'.-0 ,. 637:.-0( 13.166t-05
1" 6

.-
1

14 _- 4.8H765•-0', 3.:34 - -.)5 4.9931'-05
211 t).,4"rV -05 4.975--05 -. 4;0'--t)5 %S010--05
/44 0. uf"n, -_,r .. 1'51L-'5 J. 5r.)t-05 , 102tF-05
/"1"4. -. 7z) -05 1, ; 5" -k)" 1. 5"?211-05 5.039C-05

n5 C'. 9'P - 15 *. .,)4--0-i 4.420L-05 .0706--05
335 6. ,79 -0'T 5.22o -05 . 3.175F-05 5.140E-05
'66 t. 139 - 15 j.224' -C!, .4Wf:-05 '. 19ei-05

'9 ~ -',~ .25i'j-05 .319-05 5.154--05
4,1 t ... ,o - '.'I ' -&" 3.Z56,-05 5.145':-05
'57 .. 2--h '..29 -05 3.2(.7E--05 5.1921-05
'86 6. S1,9 -, .227 -(*, . 193.-J5 5.154;;-05
51-3 6.739 -' S ".7"n -k 5 o.0'jY-Ok .r.03'-05
549 0°720.-•5 :.174 -1 - .0)')--,)5 5.0922•-05
579 b.7Td._-',3 5 .157"-J5 3.o7b.-05 5.174r-o5
('10 6.* d47ý -3. . 4 •-(5 • 1 ,•', -L t) 5°10se-05
640 7.0'-,'i ;.1ll- ---1 5 3. )4 )F-1)5 5.0W41--05
671 6.909 - 5 :'.0,2.-05 1.44. - *' N.0211-05
7"1 b.97J -0t) 4.0li -. 15 .436--)5 5.045E-05
7.3e 0. 8:) t-.;:5 ").068r-C5 3.26~3--1"5 5.0181--05

7Q2 6.791- 5 •.10-"-'J5 3.';4, -,5 4.995L-05
___.79 -3 5.3-05 ?.45, -- '5 ',.090t-OS

.?3 6. 71kl,--05 4oTH?,-05 3.•1171-J5 i .16bE-05

3:03 5.U5s-115 .. 774 -05 3. 372'-05 .091E-05
A84 6.d8t - 5 'i.75o)--05 3.'19--, 5 4.903E-05

414 2.451r-'5 4.789 "-•5 3.46h.- 45 4.764E-05
)45 1. 100 --)5 4.73" "ý 3. 3r4 -- ')5 4.7991-05
973 6. )90-Th 4.65•-. - .35"' -i5 4.610F-05

1016 ?.C 3•3-35 4.663o-05 3.2 1'.-C 4.786F-05
U5I!_.6. _ -. 12.'-5 3 4.66z-05 3.U16s-1 5 4.7.3.0h-05
10)67 7.131:.- 5 4.6q1t -05 2.93Y- )S 4.760'.-05

_109 7 __ 6. C_51_-1, -t.63et--05 2. 914 t.- 154F07-O5
112" 5 - A. ,.713 -- W, 2.9'w4 - " 5 4.728i-05
11.li-- b.63--0i ',.6q'-(', 2.6;94ý - ,5 4.7466-05

-Az1 u?'3.. 4.64!5'-05 'e. Plo..-O, k4~k.604-O
1253 6.8 9 -1 5 4.ý,e") -GJ a-/S 3;:-Cb 4.541F-05

" 1280 0.,,i1 - 15 <.601, -01 .9Cgo-' 4.5421--05
1311 CO. 7t)- - , ..- 91 -05 2. y ý I-3 4.517c-05
1341 5. 4.45 - ' '.45;- -03 ?.o95c-il 4.47OF--05

-14 J/ o. 17. Z~.341 - .966t-ý 4.542.-OS
1453 t~.6-74 -- 0, 4.?23 -0 .52'1 4.497[-05
14,-'4 6.,(,, - -. .. ,?' --3' _;.063c-05 4.4721-05
14- 4 6. °-" - ' I, I? -qn i. 147"-,)5 4.414--05
15'4 5."`4 - .1 -"5 '.,pi-uli 4.'433,-C5

-. _'i5 -55 4.)67 -45 •.2'.1C-. 4 4.3011-05
I 1A A 6.24. - 4.i-26 -4: 23.836-" -0-;' l lr "•91 " , .o3l -Cu 5.214.-.-5 ..334 .- 05

io~u •.i6- - " t-•--,': .- ' -'15 4 36'-, -CS
1,)7o 4.7' -7, ,o-47 - ,. 43119 -f5
17V -P , 4.4J: -%5 3.174 -15 4.374*-' 5;•1737 57 7,-' 4.467-:-C7 3.1_%3" "I 4e. )o0 -05
t7b63 5.? 9 - 1 *.453--1' 3.1!3,-'t 4.345 -05

; 1$' -/1 -- W"i 4.423' -'1, 3. 1a--5 '.. 'ITE-o5

FIRST OATA ALT. 7 7

LAST 4ATA 41!. 7.'1 ", '-1, 5,

6-185I3



FLIGHT NO. 102 FILTIA NC. 1
BEAR TRANSMITTANCE FROM GROUND TO ALTITUDE

LTITUIE .... ENITH ANGI.L OFPT4{ OF SIGHT (rEG-REES)
METFRS •3 I OC 105 120 15C 180

305 .6856867 .7988311 .6933906 .9271552 .9616053 .9776496 .9806148
610 .4584288 .6311805 .7937706 d564518 .9229209 .9547457 .9606877
914 .3016732 .4962786 .7035284 .7698369 " X119190 .9407641

1219 .1958894 .3;90266 .6225963 .7?76592 .8462594 .9093603 .9210•00
' 5• , 2-4-•-" " • 8--2--9•- - - ••' -......- 82 -4.... --•41 " • -T • --....-- 0---

FLIGHT NO. 102 FILTW NI0. 2
BAkM_TR4ANSMYTTAlNCE FROM GR.OUND _TO ALTITUDr __

"ALTITUDE ZENITH ANCLE OF PATH OF SIGHT (UEGDEFS)
.ETEA 93S . 93 "9 IJO 105 120 150 180

306 .7461081 .8.400143 .916217a .9429833 .9700683 -- .9826080 .9049?04
610 *5459054 .6996909 . 8 3 59 04q .8866926 .9396484 .9646984 .9693546
9f4 ----- i f----- ~ *583237 .7662459 .8'364109 .911a780lf .4480' 34 .9548183

1219 .3010738 .4993822 .7057332 .7914969 .8359994 .9325039 .9412754
.1524- -. 2270289 )4280340 .6531836 .7514543 °8625066 ;9-'T4Ti.9287123

.. . IGHT NO.- 102 FILIi NO-. 3
BFAM TRANSD'ITTANCE FROM GROUND TiO ALTITUDE

ALTITUDE ZENITH ANGLE OF PATH OF SIGHT ()EGREES)
METERS _93 ,95 . 100 105 121 150 180

S05 .809966S .8,321173 .9389260 .9586417 .°713714 .9874562 .9891278
.60 .6673804 .7877063 .8872368 .9228656 .959?997 .9762956 .9794388
914 *---- abT88 .7028255 ....•8377824 .8880283 .9403808 .9651325 .9697323

A219 .4510600 .6311367 .7937431 __ .-8564318 .22909ý7 .579 __.96C6819

1524 .3729544 *5687881 .7533681 .8269535 .9063273 .9447970 .9520122

FLIGHT 'O. 102 FILTER NO. S
BEATRAMTA JINIA~r.EF__ A £GDND TOALTITUE... .

ALTITUIOE ZENITH ANGLE OF PATH OF SIGHT (DEGREES)
MET."fERS - 43 -95------1. 105------2 150 180

34)5 .739484c .8355882 .9137916 .9413072 .9691753 .9820857 .9844670
btO .5435968 .6960110 .83e8970 se59752 .9392547 .9644650 .9691516
910 .0998990 .58536,,6 .7o-4309--------------- ---.9392547 -.9446324 .9649151

1219 .2973636 A%9583931 .703215ý6 9 'IS! Q6 .9406915
1524 .2249041 .4235503 .6497405 .7487943 .8609249 .9171749 .9278604

6-186



F[I ---- --- f: If- 
I~ L -f %10 ;SPATH qAVZIANC! F~illM ,,Gbulqf) TO ALTITUUF( ATT!S'STP.SO.M "ICRO V'.)

A~LTITUDEJ AINI1H ANG~LE OF PATH U~ SIGHT flOEGRUSI
141TL-RS 43 1)00it[ 105 1221 Bu! lie

,JS5 3. 13bt-e(i7 I. ?3JI-07 1.1C7 1112,-(.7 ý.215i-08 2.4671-08 1.983t-08
410 4.V33i, -07 -). 4 1, -37 2.y').%-07 2.0f 61-07 9.61471-08 4.649L--O8 3.764F"0P
914 ~.731C--07 7. ntI *I-lY 4.032E-07 2.768t1-0? 1.3561--07 6.72?L-08 5.'495ý-od

rt.!uHr IYO. t,' ~ ,-ILl.-r '. U. 2
PATH IAVIA4JCE FALM t0k(,UtVTVL TI TN'WT SSF-S. M MICR,; Ml.)

ALrTI7UirE L' ,TH Aj,*,Lf 11F rATR OlF $1-Hi' (UME1LES)
MC-TI-RS )3o -)3115 12,1 150

3105 4'65.L"--)7 2 661ý-Il 1.35?E-07 d. ')48iE-Od 4. 25;L-08 ,.015 t--0 1.6ZO: -
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,-1.4. DATA INTERPRETATION

NIGHT SKY IRRADIANCE

A summary of the irradiance from the upper hemisphere calculated from the sky radiances at the Ilro

est altitude of flight is presented in Table 6 3 The flights are arranged in order of increasing irradiance

for Filter 5. The range is from overcast starlight Flight 89 at 6.2 E-6 watt m- 2 iLm-I to 1.8 E-3 watt m- 2 
1 am-

for full moon Flight 99, an increase by a factor of 200. The irradiances tabulated in Table 6-3 are those

used to obtain the values of R(z O,,/) for each flight. The smaller irradiance for Filter 4 for tile overcast

Flight 821 is probably real, although the measurement was marginal at that flux level.

The phase angle of the moon is included in the th,rd column of Table 6-3, since for unclouded condi-
tions aftar moonrise the phase angle of the moon indicates the compaiative contribution of the moon to the

irradiance level. The relative irradiance as a function of phase angle according to Russel (1916),.

is presented in Fig. 6-1. This is the relative irradiance on a flat pldte nor,•,al to the vector fiom the moon
It is the equivalent of the moon scalar irradiance. In addition to the moon phase angle, the transparency

of the atmosphere and the zenith angle of the moon affect the moon contribution to the total downwelling

irradiance.
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ug. 6- 1. RelIa.tive Irrhdianc•,D I)e to theI \ 1 a, n Fi.. d l'un ction (f llhav.' Angle

The flights can be easily grouped into three irradiance or flux levels 01 I The low flux level flights

were those made during starlight, moonlight with moon phase angles between 180 and 150 , and overcast.

(21 The intermediate flux level flights were those made when the moon phase was quarter roon or 90

phase angle i.e when it appeared as a half disk. The moon phase angles for flights in this category

were between 70" and 102". (3) The high flux level flights were when the mnon phase angles were be
tween 00and 400. These flights ate described as full or near-full moonlight
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lable 6-3. Downwelling Irradiance H(z,d) watt m-2 Ian-' for Lowest Flight Altitude

Moon Phase Filters Avg Alt

Flux Flight Angle Above Ground
Level No (Degrees) 1 2 5 3 4 Level (m)

Starlight 89 Before Moonrise 6.20 E-6 5.58E-6 6 19E-6 9 71 E-6 - 362

101 Before Moonrise - 6 43 E-6 9 58 E-6 - 164

102 Before Moonrise 7 44E-6 7 50E-6 1 02E 5 1 17E-5 152

8811 Before Moonrise 8.35E-6 9.66E-6 1.12E-5 1.48E-5 779

881 Before Moonrise 9.08E-6 1.1OE-5 1.16 E-5 1 54E-5 196

87 Before Mooii-e 8.75E-6 9 39E-6 1.33E-5 1 57E-5 191

821 101 3.14 E-5 3.17 E-5 3 35E-5 3.31 E-5 1 26E-5 357

Quarter
Moon 93 83 3.54 E-5 4.00E-5 5 53E-5 4.87E-5 - 291

8211 102 7 49E-5 4.90 E-5 9 05E-5 5.82 E-5 - 332

92 70 7.94E-5 8.64E-5 1.21 E-4 1.08E-4 - 168

96 95 1.04 E-4 1.32 E-4 1.25 E-4 1 39E-4 - 247

97 71 4.21 E-4 3.34 E4 2.63 E-4 4.14 E-4 164

Full
Moon 1001 11 5.58E-4 3 94E-4 6 37E-4 5.84 E-4 3.79E-4 220

98 37 8 22E-4 9.57E-4 936E-4 8.27E-4 6.27E-4 139

91 40 8.78 E-4 9.46 E-4 1.OOE-3 1.28 E-3 9.41 E-4 178

86 14 1.65E-3 1 89E-3 1.03 E-3 8.77E-4 1 60E-3 184

99 2 1.66 E-3 1,61 E-3 1.79 E-3 1.86 E-3 1.22 E-3 225

Except for Filter 1 at 502 m.

Variability of Irradiance from Upper Hemisphere. For the quarter moon and full moon flights down

welling irradiances are often more varied with altitude and less consistent tilter-to-filter than for low light

level flights. This is because the downwelling irradiance is directly affected when scattered clouds ob-

scure or partially obscure the moon during portions of the flight. The major sources of variability for the

low light level flights, artificial lights and lightning, have been largely eliminated during data processing,

but no attempt was made to reduce the variability for the moonlight flights.

A~y Radiance. The nighttime low flux level sky radiances for Filter 5, from which the downwelling tr

radiance was computed, are graphed in Fig. 6-2. These are the average sky radiances (for all zenith an

gles) for the lowest flight altitude (column 9 of Table 6-3). Each curve shape is typical for the flight and
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varies very little with altitude or filter. The sky radiance range is small The except ion is Flight 821

which shows the effect of the moon behind the overcast at a zenith angle of 75 For the three flights

made before moonrise, 87, 101, and 102. the curve shapes are similar.
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DIRECTIONAL REFLECTANCE OF TERRAIN

The tables of directional reflectance of the background (terrain) presented with each f I ight are derived

from data obtained with the lower scanner at the lowest fiight altitude This instrument is a te:lephotom-

eter with a 5"circular field of view. The tabular values of reflectance therefore relate to an average radi

ance throughout that field of view. It is completely possib~e that no part of the terrain has that value of

reflectance. Almost certainly objects of interest will be located on a background having a different re-

flectance than that tabulated for the terrain. That is why this report includes as many directional reflec-

tances of background terrain (airborne measurements) and background reflectances (ground-based measure-

ments [refer to Section 71 ) as possible. This provides appropriate values for generating contrast trans

mittance for a given problem. The effect of background reflectance on the contrast transmittance is not a

trivial one. Care should be used in selecting the appropriate value for use in specific problems.

Summary Table 6-4 presents airborne data on the directional reflectance of the terrains for the nadir

path of sight. The parenthetical values are derived from the large aperture telephotometer nadir values arid

the downwelling irradiance computed from the sky scanner data for the lowest flight altitude, the values

are not included in the directional reflectance tables provided with each f lqht.

The reflectance values for the nadir path of sight are presented for conceptual purposes and because

of nadir telephotometer data availability. The paths of sight most pertinent to SHED LIGHT are of shallow

inclination, i e., zenith angles between 93'' and 105"'. Unfortunately, for these paths of sight the terrain

reflectances from the airborne data often exceeded unity, thereby indicating the presence of lights from

villages over land and fishing boat lanterns over water. The nadir values are more indicative of actual

terrain reflectance.

The higher water reflectances for the wet season (Flights 87 and 881) compared to those of the dry

season (Flights 101 and 97) probably indicate the presence of dirt or mud suspended in the water due to

runoff from rains. Without suspended matter, the water reflectance should be lower in the red (Filters 3

and 4) than in the green and blue (Filters 1. 2, and 5) as indicated by Flight 97. Water with suspended

matter should have spectral reflectance characteristics similar to the characteristics of the matter itself,

i.e., muddy water takes on the color of the dirt suspended in it. The increase in overall reflectance for

Flights 87 and 881 and the fact that the Filter 3 reflectance is greater than the Filter 1, 2, and 5 reflec-

tances may be attributed to the above phenomenon.

The chlorophyll which is present for growing vegetation shows clearly in the low reflectance measured

with Filter 3 and the high reflectance measured with Filter 4 ,n Flight 821.

In Table 6-4, columns 2 and 3 present the moon phase angle and zenith angle as information descrip-

tive of the moon contribution to the irradiance

TOTAL SCATTERING COEFFICIENT AND BEAM TRANSMITTANCE

A direct measure of air clarity is the atmospheric attenuation coefficient. From this the beam trans

mittance is calculated. The attenuation coefficient is the sum of the total scattering coefficient and the

absorption coefficient. If there is no absorption, the attenuation coefficient is numerically equal to the

total scattering coefficient and, in this case, the total scattering coefficient is valid for use in beam trans-
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Table 6.4. Directional Reflectance of Terrain for Nadir Path of Sight at Lowest Flight Altitude

Moon
Avg Nadir Terrain Reflectance

Phase Zenith

Angle Angle Flight Filters

Terrain (Degrees) (Degrees) No. 1 2 5 3 4

Water (Before Moonrise) 87 0.0790 0.0870 0.103 0 127 -

Water (Before Moonrise) 881 00756 0.0781 0 0948 0.129 -

Water (Before Moonrise) 101 - - 0.0494 - -

Water 71 42 97 0 0386 0.0433 0.0560 0.0295 (0.0289)

Cultivation with trees (Before Moonrise) 8811 0.0718 0 0845 0.117 0.116

Rice paddies & villages

Wet (Before Moonrise) 89 00810 0.171 0.194 0214

Rice paddies & villages

Brown and dry (Before Moonrise) 102 - 0 148 -

Rice paddies & villages

Brown and dry" 70 64 92 0 0482 0 0777 0.0598 0.103 (0.230

I; Rice paddies & villag.es
Brown and dry 40 14 91 0.0625 0.0723 0.0813 0.121 0 0736

Rice paddies & villaiges

Brown and dry" 37 6 98 0 0786 0.0764 0.0816 0.139 0.250

Grass & deciduous trees
Overcast 101 78 821 0.0294 00495 0.0461 0.0740 0.567

Decliduous trees & scattered

rice paddies - wet 102 56 8211 0 128 0.129 0 0659 0108 -

Deciduous trees & scattered

rice paddies - wet 14 12 86 0 0153 0.0388 0 0649 0.0897 0.275

Deciduous trees & scattered

rice paddies - dr- 95 54 96 0 0910 0.0889 0.129 0.205 (0.425)

Deciduous trees & scattered

rice paddies - dry 83 68 93 (0 045 1 (0.047) 0.0678 (0.12 1 (0.218 )1V

Deciduous trees & scatte.-9d

rice paddies - dry 11 60 1001 00600 0.0991 0.0894 0.152 0.144

Deciduous trees & scattered
rice paddies -- dry 2 42 99 0 0471 0.0761 0.0867 0.0468 0.222

I In dry season visual report made of moon reflections on water.

"Artificial ground lights noted.

((Values in parenthesis are from the large aperture telephotometer values at the nadir and downwelling irradiance.
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mittance calculations. If there f, absorption, the beam transmittance calcul,itod from the total scattering

coefficient will be in error, the error being that 1ife real bearn trnsminttaince Wl II be lIss ha|n the calcu

lated beani transmittance.

The nighttime operations of Project SHED LIGHT precluded the use of an attenuation meter (refer to

Appendix A) which in its coperation requires a higher level of ambient flux than is available during twi

light and nighttime. Accordingly, the scattering meter (integrating nephelometer) described in Section 3

was developed. This instrument has its own light source and operates independently of the ambient flux

level. However, it measures only the total scattering coefficient it does not measure the attenuation Co

efficient or account for absorption. Examinatio,; of data from the field trip mad, in the Spring of 1969, the

dry season, suggests a possibility of atmospheric absoiption. An analysis follows

Table 6-5 is a listing of the total scattering coefficients foi zero altitude,, obtained by extrdpolation
from the lowest altitude where data were recorded, and the atmospheric beam transmittance calculated from

the total scattering coefficient for the vertical path of sight between 1524 meters and the ground All

these data are Filter 5 data. Mhe flights are arranged in two groups, those made during the wet season and

those made during the dry season. The arrangement in each group is by descending values of total scat

tering coefficients. The spread of the total scattering coefficients within each group is comparable for the

two groups. In the first group the spread is from 2 00 E-4 m-In to 4 19E-5 m-I In the second group the

spread is frorm 2.19E-4 m-I to 4.03E-5 m-'. These values in the second group appear to be inconsistent

with the haze conditions described for those flights. There are two reasons that might explain this incon
sistency. As stated, these values 3re extrapolated from. data recorded at the lowest altitudes where the

aircraft could fly safely, The haze concentrations were at the lower altitudes, possibly below the lowest

recording altitude (it is difficult at night to determine if this is so) Thus,, the validity of the extrapolation

procedure is questionable.

The second possibility is that the haze particles were absorbing. There was no instrumentation carried

in the C-130 aircraft by which this could be determined. If there was absorption,, the attenuation coeffic-

ients for ground level would be greater than the total scattering coefficients listed in Table 6-5 and trans-

mittances calculated from the total scattering coefficients would be in error by being too high.

All flight operations were conducted under VFR conditions, or better. If "visibility" is defined as a

transmittance of 006 and if the visibility so defined is 3 statute miles. as required for VFR operation, the

attenuation coefficient is 6.2E-4 m-n. Thus that attenuation coefficient represents a high limit which

would not be exceeded. The largest scattering coefficient in Table 6-5 is for Flight 93 (dry season) and is

2.19E-4 m-n,, which is about one third of the attenuation coeffclient for minimum VFR weather.

The minimum total scattering coefficient 4.03E-5 nf- was for Flight 101 made during the dry season

over the Gulf of Siam., This is compared to 1 54 E 5 1- , which is the scattering coefficient for a Rayleigh

atmosphere at sea level pressure and OC and which represents a lower limiting value of the scattering
coefficient The value of 4 03E-5 m- I is Drobably not as high as it should be, again because of question-

able extrapolation procedure and possible absorption in the atmosphere haze

Mie volume scattering functions were combined with Rayleigh scattering functions to obtain the propnr
tional directional scattering functions used to compute eaumlibrium radiance for each path of sight These

Mie volume scattering functions were derived from Barteneva (1960) proportional volume scattering func-

tions by use of the equation

M a["z,"3)/s(z) I {s(z)MI,(zjM) s(W)I - s(zl WJR,(/- , S t}, z MsM (62)
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and were designated by numbers corresponding to the numbered Barteneva volume scattering function from

which they were derived. The Filter 5 total scattering coefficient at each data-taking (level flight) alti-

tude was the basis for the selection of the appropriate Mie volume scattering-function. These selected

functions for the highest and lowest altitudes are listed in columns 4 and 5 of Table 6-5. The Mie propor-

tional directional scattering functions for the range of catalog numbers used for data reduction are graphed

in Fig. 6-3.

Table 6-5. Total Scattering Coefficients and Vertical Beam Transmittances (all Filter 5 data)

Mie Volume
Total Scattering Scattering Function

Coefficlent Vertical Beam Transmitti•nce Minimum Maximum

Flight No s(0()0- 1) T 1 24(1524,180") Altitude Altitude

Wet Season

8211 200E-4 0781 5 4

89 1 72 E-4 0800 4 4

821 1 59E-4 0.805 5 4

87 1 10E-4 0859 4 4

881 9.86 E-5 0.877 4 4

8811 9.11 E-5 0.883 4 4

86 4.19 E-5 0 950 3 2

Dry Season

93 2.19 E-4 0.724 5 5

92 1.88 E-4 0.794 5 4

10011 1 41 E-4 0817 - -

96 1.07 E-4 0.887 3 4

91 9.01 E-5 0867 4 4

1001 6.24 E-5* 4 4

102 5.25 E-5 0928 3 3

99 5 15E-5 0927 3 4

98 5.06 E-5 0.926 3 4

97 4.71 E-5 0936 3 3

101 4.03 E-5 0,937 3 3

This value is not an extrapolated-to-ground-level value It is, instead, the value recorded during

the lowest altitude where level-flight airborne data were recorded.

The numbers represent the Barteneva volume scattering functions from which these Mie data

were derived.
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Fig. 6-3. Nie Proportional Directional Volume Scattering Functions Used in the Calculation,,

of Equilibrium Radilance

The total scattering coefficients for the flights during the wet season decreased with increased alti-
"tude and were, in general, smoothly changing altitude functions These coefficients also were greatest forI short wavelength and the least wfth the increase of wavelength The total scattering coefficients for the
dry season flights did not necessarily decrease with altitude and graphs of these functions usually had
more structure with change of altitude than those of the wet season. The graphs also show that while the
coefficients were usually greatest for short wavelengths and the least with the increase of wavelength,
the graphs for data from Filters " 2 crossed and recrossed with change of altitude for Flights 96, 97,
and 99.

PATH RADIANCE AND EQUILIBRIUM RADIANCE

The path radiance is calculated from the values of equilibrium radiance for a given path of sight by
means of Eqs. 2-13 and 2-14. It enters into the equation for contrast transmittance, Eq. 2-2, into the equa-
tion for directional path reflectance, Eq. 2-4,, and into the equation for computing apparent radiance

N,(z,O,/) No(z 1 ,0,,c) T,(z,O) + N (z,0,0) . (6-31
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Itt general, path radiance decreases with increasing wavelength

The apparent radiance of the terrain and other backgrounds or objects tends to approach the equilibrium
radiance of that path of sight. Equilibrium radiance generally tends to oe relatively invariant with altitude
This is illustrated in Fig, 6-4 using Flight 82 1 Filter 5 data for the vertical downward path ot sight between
ground level and altitude The terrain reflectance measured from the airplane at the lowest altitude was

0.046. The terrain c~,rsisted of deciduous trees and tall grass. The apparent radiance of the terrain, as
computed with Eq. 6-3 above, is shown on the graph. It increases with altitude always approaching the
curve of equilibrium radiance for that path of sight. A second apparent radiance curve is given for a light
yellow road surface of 0 50 reflectance. This radiance decreases with altitude as it tends toward the equi-
librium radiance. The equilibrium reflectance was 0 264 at ground level and 0.33 at 1585 m. This is about

the same reflectance as the beach sand measured at the ground station on 19 October 1968. average re-
flectance range was 0.28 to 0.33 (assuming the nadir reflectance is similar to the reflectance at zenith
angle range of 92ý to 96-'). An apparent radiance curve for the beach sand would be nearly equivalent to

the equilibrium radiance curve shown in Fig. 6-4.

1829

1524 Trees Light

"and Yellow
S1220 Tall Equilibrium Road0Grass Radiance

w- 915

;7 610

305

010-7 10-6 10- 5

RADIANCE (Watt Q- m- im- 1)

Fig. 6-4. ,Mquilhirium rn ..dtm- alnl d .\Pl),•r(,nt Rihane, foir ti h Vertical Downward Path of SightSlfronm G round lI,,vl to Altitud. I. fot lt.vi l ight S21.

The contrast transmittance can be expressed as the beam transmittance times the ratio of inherent to
"apparent background radiance

(Z,,) T,(z,O) hNf(z,,). 6 ) bNr(z,0,) (6-4)
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W,1*0n the background rcflectance is equal to ihe ,cqulil•rium reflectance, th, contrast trnsmittnce is
equal to the, beam transmittance This is illustrated in Fiq. 6-5. The middle curve is beam transmittance.

Is might also be the contrast tranismittance against a beach said of 0.29 reflectance The contiist transI mttance for a background lower in reflectance than the equilibrium reflectance will always be smaller than

the beam transmittance (shown in Fig. 6-b for ihe average terrain, trees, and tall grass). This is true be

cause the ratio of inherent to apparent background radiance will always be less than 1 (since the apparent

radiance increases with altitude as shown in Fig. 6-4). On the other hand, the contiast transmittance for

a background higher in reflectance than the equilibrium reflectance will have a contrast transmittance

greater than the beam transmittance as illustrated in Fig. 6-4.

The above example emphasizes the importance of selecting the appropriate background reflectance for

computing valid contrast transmittance values.

1524

Trees Beam
1220 and " Transmittance-pA

Cf- Tall Grass

I- 1ij 915 Light
Yelo

Road
S610

305

0
0 0.2 0.4 0.6 0,8 1.0

CONTRAST TRANSMITTANCE r 1 ,r(z,0,6)|

Fig. '-5. Contrast Transmittance for thL Vertical Path of Sight Beteen Ground Level
and Altitude, for v•ilter 5. Flight 821

Method of Obtaining Equilibrium Radiance. Eluilibrium radiance (Eq. 2-15) and path radiance (Eis

2-13 and 2-14) are obtained by using an essentially integrative method. The advantage of this method is
being able to handle highly variable data, variable in the sense of changing flux levels due to real changes

occurring in space and/or time during the flight. The terrain over which a data flight takes place is

chosen for its consistency of terrain appearance. Freluently, however, village lights and fishi.wg boat !an

terns are present which change in position relative to the airplane during the flight pattern. Anomalies in

the sky lighting distribution occur due 'o subtle changes in the weather. These may be clouds which al-

ternately cover and uncover the moon, light. ng flashes, etc All these things contribute to the variabilty

of the overall flux level and directional radiance pattern and these two properties define the equilibrium

radiance and path function. These derived values are directly descriptive of the real conditions encoun

tered and measured during the flight.
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The danger lies in trying to obtain a path radiance by combining data from several altitudes for a given

filter. A path radiance is essentially a scattered radiance in a given path at any one instant. Therefore a

path radiance during a lightning flash is not compatible with une when lightning is not present Similarly,

a path radiance when the moon is behind a cloud is ditferont from one when the moon is unobscured

For the starlight flights, the extremely bright close lights or lightning flashes are eliminated but the

ubilQuitous lower level lights near the horizon are not. Thus the path radiances are reasonable representa-

tions of the true path radiances over the terrain (or water) when extraneous lights at ground level are

present but not close by.

The intermediate and high flux level flights, however, represent an averaging of the light conditions

present during the entire flight (the use ot integral Eqs. 2-13 and 2-15 effectively combines the varable

data into a crude average of the prevalent condition). The averaging, however, is progressive. The lowest

altitude(305m) is iot affected by the data variability whereas at the highest altitude (1524 in) all the data

are averaged. Thus these intermediate-to-high flux level flights neither represent the clearest nor the

cloudiest portion ot a flight, but something in between.

DIRECTIONAL PATH REFLECTANCE

Using the data from the two scanners to obtain both the path radiance N:(z,O,,p) and the downwelling

irradiance H(z,d) adds to the reliability of the path reflectance R,(z,0,6) since these two quantities are

ratioed as shown in Eq. 2-4 repeated below in a slightly different form.

N,(z,O,(h)

R,(z.O, 6) - 16-5)
T,(z,O) H(zt,d)

In this way any absolute error in the calibration of the scanners is effectively eliminated. Also since both

the path radiance and downwelling irradiance are obtained by integration of a large number of radiance

measurements, precision errors tend to cancel or average out

The directional path reflectance is the most easily utilized form of the atmospheric optical data for

obtaining contrast transmittance. (Refer to Section 2.) The path reflectance is used with the directional

background reflectance in Eq. 2-3, which is repeated below

b ,(z,0,b) 1 + R,(z,0,6)' bR.(0O,,)1,- (6-6)

A conceptually valuable graphical representation of the effect of the ratio of path-to-background re-

flectance on contrast transmittance is provided by Fig 6-6 tDuntley, 1969) (see Appendix D. Fig. 3). It is
t a nomogram which represents Eq. 6-6 and consists of a diagonal line drawn across a shet of 2 by 2 cycle

log-log graph paper. The path-to-background reflectance ratio is entered on the axis of the abscissa and

contrast transmittance is read out on the axis of the ordinate.
tJ

Note that when R bRA, the contrast transmittance is 0.50. Smaller v es of R 1 R. yield higher

values of contrast transmittance and vice versa
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Fig. 6-6. Contrast Transmittance Nomogram

Another form for expressing contrast transmittance cis a function of path and background reflectance
which is convenient for hand computation is

btf(Z,0,,S) = Ro(0,•)'0)/ A~(0,0,45) + R*(z,O,,O)] (6-7)

Generally speaking the directional path reflectance decreases with wavelength. An exception is seen
in Might 821. A factor-of-2 decrease in downwelling irradiance from Filter 3 to Filter 4 results in a path
ref lectance greater for Fi Iter 4 than F! Iter 3.
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7. Ground-Based Data

7.1 DESCRIPTION OF GROUND OPERATION

The twofold purpose of the ground station was (1) to provide measurements of inherent background

radiance and reflectance appropriate for use with airborne measurements, and (2) to provide cont'nuity of

"measurement by establishing ground level values of downwelling irradiance and the total scattering coef-

ficient. Since the installation of the ground station was an arduous and lengthy task, the station was us- 3

ually in a given area for one to two weeks before being moved to a new location. Because the mobility of

the ground operation was so greatly restricted in comparison to the aircraft movement, the fulfillment of

the first purpose was emphasized.

The ground station was employed during each of the two field expeditions to Thailand. Successful op-

eration was achieved during both trips in two locations: Lop Buri and Rayong. A list of the stations with

dates (Greenwich), times of measurement (in both Greenwich mean time and local civil time [ LCTH ), and

locations are given in Table 7-1. Data are reported for 19 stations altogether. The moon phase angle and f

zenith angle are also given in Table 7-1 in order to indicate the contribution of the moon to the total irrad-

iance (refer to Section 6.4, Fig. 6-1 for moon irradiance as a function of phase angle).

On three nights the ground station was in operation in the same area and during the same general time

as the airborne operation covering Flights 87, 881,, and 92. This fulfilled the second purpose. The air-

borne data is compared to the ground-based data in Section 7.3.

Three basic types of information were secured by means of the ground station: (1) atmospheric scat

tering coefficients, both total and directional, (2) downwelling irradiance, and (3) inherent background

radiance. Directional reflectance was then derived by using the data for downwelling irradiance and in-

herent background radiance in Eq. 2-5. To obtain these data three instruments were employed: (1) an in-

tegrating nephelometer, (2) a sky scanning telephotometer with an irradiance cap attachment, and (3) a

large aperture telephotometer. (For further details refer to Sections 3 and 4). Each instrument was fitted
with the five optical filters used for the airborne operation as described in Section 3.4.

For the first Thailand trip, TDY-1, the downwelling irradiance was measured by the sky scanner with

the irradiance cap attached to the scanner. Most of the time the measurements of downwelling irradiance

and background radiance were obtained simultaneously. The background radiances for TDY-1 were measured
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on backgrounds at a distance so that a change in zenith angle of path of sight also meant a different area

(of the same general description) was in the field of view of the telephotometer.

Table 7-1. Ground Stations for Thailand Field Expeditions: TDY-1, 1968 and TDY-2, 1969

Time of Data Measurement Moon Concurrent
Station Date Start End Phase Zenith Angle Flight

No. 1968 GMT LCT GMT LCT Site Ang!e Start End No

1.1 29 Sep 1352 (2052) 1624 (2324) Lop Bun 8G 63 64

1.2 30 Sep 1443 (2143) 1614 (2314) Lop Buri 72 58 59

1.3 3 Oct 1236 (1936) 1617 (2317) Lop Burn 36 30 28

1.4 9Oct 1711 (0011) 1811 (0111) Rayong 36 26 26

1.5 10 Oct 1606 (2306) 1715 (0015) Rayong 46 47 45

1.6 11 Oct 1619 (2319) V56 (0056) Rayong 58 51 48

1.7 12 Oct 1405 (2105) 1445 (2145) Rayong 67 Before Moonrise 87*

1.8 13 Oct 1240 (1940) 1418 (2118) Rayong 78 Before Moonrise

1.9 19 Oct 1413 (2113) 1552 (2252) Rayong 152 Before Moonrise 881

1.10 22 Oct 1332 (2032) 1514 (2214) Rayong 171 Before Moonnise

1969

2.1 23 Feb 1408 (2108) 1439 (2139) Rayong 97 50 56

2.2 26 Feb 1422 (2122) 1536 (2236) Rayong 62 23 37

2.3 28 Feb 1534 (2234) 1651 (2351) Rayong 40 16 31

2.4 2 Mar 1345 i2045) 1427 (2127) Rayong 18 37 27

2.5 8 Mar 1651 (2351) 1757 (0057) Lop Burn 57 69 56

2.6 9 Mar 1423 (2123) 1614 (2314) Lop Buri 69 Before Moonrise

2.7 9 Mar 1815 (0115) 1921 (0221) Lop Burn 69 65 54 92

2.8 11 Mar 1736 (0036) 1750 (0050) Lop Burn 95 Before Moonrise

2.9 12 Mar 1325 (2025) 1546 (2246) Lop Burn 107 Before Moonrise

Flight 87 was from 1226 to 1337 so the ground station data measurements were after completion of the flight

For the second Thailand trip, TDY-2, the downwelling irradiance was obtained indirectly by measuring

the radiance of a horizontally-oriented,, calibrated reflectance board. The radiance was measured using the

large aperture telephotometer as a nadir telephotometer. Irradiance was derived by solving Eq. 2-5 for ir-

radiance as follows:

S•?I A(0,1180,0)

H(0,d) (7-1)

bRo(0, 18 0 ,0)

During TDY-2 the background radiance of a circumscribed area was measured from many paths of sight by

rotating the large aperture telephotometer over the area on a large frame. Thus the telephotometer was used

as a gonioradiometer.
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7.2 PRESENTATION OF GROUND-BASED DATA

The scattering coefficient, downwellhng irradiance,, and background radiance data are presented in
order by date in four sections. Each section represents one site during one season. Since it was not al-
ways possible to obtain a reflectance value for each of the background radiance measurements,, the re-

coverable reflectances are presented at the end of this section (7.2).

The data for each station are presented in table form., The first cflumn indicates the variable rame and

columns 2 througn 6 are the variables for Filters 1 through 5. The first variable (row) is for the total scat-
tering coefficient s(%?) in units per meter. The second and third variables (rows) are the proportional di-

rectional scattering coefficients for the scattering at 30Q and 1500: a(0,300 )/0s0) and u(0,1500)/s (0).

Fourth is the ratio of the directional scattering at 300 and 150,, t(0,30')/a(0,150"). The fifth variable is
the downwelling irradiance H(0,d) in units of W M-2 jim-. The remaining rows are for the radiance of a
background (such as a rice field) as described in units of We-1 m- 2 /rm-., The path of sight is specified

in each case in terms of zenith angle and azimuth. During moonlight the azimuths are given as azimuths

from the moon. For starlight or overcast the azimuths are given as compass points, i.e., north or south, etc.

TDY-1 STATIONS

Lop Buri Site. The first Thailand trip, TDY-1, was during the wet monsoon season. Stations 1.1 through

1.3, 29 September through 3 October 1968, were at the Lop Bun site at latitude 14.8'N and longitude
100.4'E. The ground station was located in the vicinity of Sing Buri near Lop Buri. The truck and instru-
ments were on a dirt road in the midst of a rice field. Radiance measurements of the rice field were made
with the telephotometer about 1 in above the top of the rice. A typical view of tne rice field is given in

Fig. 7-1. The dirt road to the west was also measured on 3 October and is depicted in Fig. 7-1.

. =-

Rice Field Dirt Road (West)

Fig. 7-1.. Rice field and dirt road at Lop IBuri s.ite during TI)Y- I.
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The approximate position of the ground site for Lop Burt iii relation to the flight path for Flights 89, 91,

and 92 is depicted in Fig. 7 2. Flight 92 was on the same evening as,, but later than, ground station 2 6

and concurrent with station 2.7.

Station 1.1, 29 September 1968 (Table 7-1A). Lop Buri in the monsoon season during moonlight. The

moon phase angle was 85' moon zenith angle 63" through 64,' and the moon azimuth 227" through 228' from

the north. The weather was initially clear witi only a few scattered clouds, but during the eveningclouds

built up to a fairly heavy overcast. Data presented are for scattered clouds before the complete overcast.

Measurement time span was 2052 through 2324 LCT.

Table 7-1A. Station 1.1

F ilters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m-1) I 08E 4 7 91 E 5 5 52F 5 5 61 E 5 8 OBE 5

o (0,30")/s(0) 0245 0287 0196 0 144 0 198

0(0.1500) s(O) 00365 00416 00226 - 00296

a(0.30'l, a(0.150') 67 69 87 6 7

Downwelhing lrrad.iance (Win- im'I) (Afterl 1 33E 4 1 86E 4 2 38E 4 1 84:4 1 63E 4

Radianc, (Watt Q1 t -I in- mi-* ~~Path of SighltFtes
Filters

Terrain Description Zenith Angle Az;muth 1 2 3 4 5

Rice Field 91 0 1.18E 5 1 18E-5 382E5 1 15E5

Rice Field 91 90 2 66E-6 6 68 E-6 4 80 E-6 3 61 E 5 6 82E 6

Rice Field 91 180 4 39E 6 9 17E-6 7 16E6 4 48E 5 9 33E-6

Station 1.2, 30 September 1968 (Table 7-2). Lop Buri in the monsoon season during moonlight. The

moon phase angle was 720. moon zenith angle 58 - through 590, and moon azimuth 225' through 2270 from

the north. There were many small scattered cumulus. The moonlight was intermittent from 2000 LCT on,

but was blacked out severely by clouds toward the end of the evening. Background radiances were mea-

sured during 80% cloud cover, with very few instances of clear moon illumination. Measurement time span

was 2143 to 2314 LCT.
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Fig. 7-2. Lop Buri area with location of ground station and flight path.
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Table 7-2. Station 1.2

Filters

VaFiable Name 1 2 3 4 f

!otal Scatterglc( intf(n It 1 92E 4 1 48 4 I 10(C4 8 23F 5 1 62L 4

"(l030 1 ;0 (01593 0646 0526 0474 0441

"(0 150 1 s(0) 00434 00468 00366 00329 00380

"(0,30 ) ,(0 150 13 7 138 14 4 14 4 11 6

Downwellincl Irradiance (W m- pm-) (Avera (t) 2 80E 4 2 90E 4 3 62F 4 2 80 E 4 2 70E 4

Path of Sic0ht Radii, Watt It is

Filerq

Terrain Description Zenith Angle Azimutth t 2 3 4 5

Ri(.e Foeld 92 0 662E ( 154E5 55E5 6 02E j 167E5

Rice Field 92 90 328E6 717E6 503E6 332 5 679E6

Rice Field 92 180 555E6 1 20F5 934Eb 576E5 1 2015

Station 1.3, 3 October 1968 (Table 7-3). Lop Buri in the monsoon season during moonlight. The moon

phasp, angle was 36, -noon zenith angle 300 through 28',, and mooi, azimuth 152' through 160' from the

north. The sky was generally clear, only slightly cloudy from 1900 to 2000 LCT. and clearing to light cloud

and horizon haze at 2200 LCT. Measurement time span was 1936 to 2317 LCT.

Table 7-3. Station 1.3

Filte's

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m-') 1 95E 4 1 67E 4 1 OBE 4 9 08E-5 1 75E 4

a(0.30 ) s 0) 0316 0337 0290 0225 0250

o(0,150)'s(0) 00253 00234 00225 00138 00190

.,(0,30 ) -10,150 ' 125 14 4 129 16,3 13.1

Downwelhing Irradiance (Wim-" jim-) (Average) 1 15E-3 I 18E3 1 33E3 1 09E3 1 23E3

Path of Sight Radianceijit 11-' in Ipm-)

Filters
Terrain Description Zenith Angle Azirrnuth 1 2 3 4 5

Rice Field 92 0 158E5 393E(5 405E5 1 (1 E 4 407E5

Rice Field 92 180 1 21E5 269(5 1 73E-5 1 34E4 290E5

Rice Field 92 270 1 17E(-5 2 69E-5 1 37E-4 2 98Z 5

Dirt Road (West) 92 110 4.80E 5 606E5 1 06E4 1 04E4 661E5
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Rayong Sito. The first Thailand trip, TDY-1, was during the wet monsoon season Stations 1.4 through

1.10, 9 October through 22 October 1968, were at the Rayonq site at latitude 12.7-N and 101.31E. The

ground station was located 16 km west of Rayong in a vegetated area between the beach sand and a road.

Backgrounds measured are depicted in Fig. 7-3. Beach sand and the road ran roughly east and west; scrub

and sand were to the north; the ocean was south. Vegetation close by was wild sweet peas and grass.

Water just offshore was shallow,, approximately 3 m in depth.

-k 
43

N "

North South East

West Vegetation Along Beach

Fig. 7-3. Sandy beach and road (E and W), scrub and sand (N), ocean (S), and dild sweet
peas and grass nearby at Rayong site during TDY-I.

The approximate position of the ground station and flight paths for the Rayong site are depicted in

Fig. 7.4. The flight path for TDY-1 is for Flights 87 and 881 (the two flights concurrent with ground stations

1.7 and 1.9, respectively). The flight path for TDY-2 is for Flights 97 and 101,
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Fig. 7-4. Rayong area with location of ground station and flight paths for TDY-l and TDY-2.
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Station 1.4. 9 October 1968 (Table 7.4). Rayong site in the monsoon season during moonlight. The

moon phase angle was 36", moon zenith angle 26' and moon azimuth 66' from the north. The sky was clear

overhead with stars shining;' there was a heavy cumulus buildup to the north and west with intermittent

lightning flashes in these cloud areas. There were six fishing boats with lanterns about 100 to 200 m off-

shore to the south. A couple of small campfires were located approximately 200 to 300 m down the beach

to the east., At the end of the data run the moon was almost directly overhead and a slight haze had built

up causing slight diffusion of the moon glitter path. There was no wind. Measurement time span was

0011 to 0111 LCT.

Table 7-4. Station 1.4

Filters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m-') 1 35 E-4 1 24 E4 1.04 E-4 1 11E-4 1 54E-4

or0.30"'s(0) 0381 0.550 0272 0 167 0241

".(0,150") SO) 00449 - 00205 000664 00281

a(0,30') o (0.150 ') 85 - 132 193 86

Downwelling Irradiance (Wm-n 1m-
1
) 9 91 E4 1 00E-3 1 14E-3 9 26E-4 1 02E-3

Station 1.5, 10 October 1968 (Table 7-5). Rayong site in the monsoon season during moonlight. The

moon phase angle was 460, moon zenith angle 470through 450 and moon azimuth 670from the north. The

sky directly overhead was clear. The moon was filtered through a light-to-moderate haze but bright enough

to define moderate-to-sharp shadows. The wind was calm and the tide was out. Again there were beach

fires and fishing boat lights. Measurement time span was 2306 to 0015 LCT.

Table 7-5. Station 1.5

Filters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m'-) 1 39E-4 1 19E-4 9 05E-5 7 92E-5 1.28E-4

"a (0,30')/s (0) 0410 0400 0281 0217 0294

a (0.150')/s (0) 00615 00363 0,0240 000660 00276

o(0.30*),'r(0.150
0

) 6 7 11 0 11 7 329 106

Downwellhng Irradiance (Wrnm- ilm-1) 4 02E-4 4 03E-4 4.95 E-4 4 08E-4 3 84E-4

Station 1.6, 11 October 1968 (Table 7-6). Rayong site in the monsoon season during moonlight. The

moon phase angle was 58", moon zenith angle 510 through 480,, and moon azimuth 650through 640 from the

north. Data were collected after the moon rose above the clouds on the horizon. There were scattered thin

I clouds but the moonlight was unobscured and there were clear sharp shadows. There was intermittent

lightning in the western sky over Utapao. Only two fishing boat lanterns were noticed. Measurement time

span was 2319 to 0056 LCT.
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Table 7-6. Station 1.6

FliIter.s

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m-
1

) 1 57E-4 I 27E4 9 77 F-5 8.51 E-5 1 50E-4

o (0,30' Is (0) 0431 0A418 0340 0336

S(0,150")/s(0) 0 0421 0 0421 00307 0 0192 0.0535

*(0,300)/a(0,150ý) 102 99 11 1 63

DownwelhIng Irradiance (Wm- in-I)im (Average) 3 96E-4 4 10E-4 4 95E-4 3 92E.4 3 86E-4

Path of Sight Radiance (Witt t nF lin
Filters

Terrain Description Zenith Angle Azimuth 1 2 3 4 5

Sandy Beach 92 40 3 00E-5 3 37 E-5 5 11 E-5 399E 5 3 48 E-5

Sandy Beach 94 40 3 67 E-5 4 09 E-5 6 11 E-5 4.58E-5 4 18 E-5

Sandy Beach 92 210 3 44E.5 4.03 E-5 6,46E 5 4 96E 5 4 29E-5

Sandy Beach 94 210 3 82 E-5 4 42 E-5 7 11 E-5 5 46 E-5 4.71 E-5

Ocean Water 92 90 3 01 E-5 2 94 E 5 2 57 E 5 1 62E-5 2 6i E-5

Station 1.7, 12 October 1968 (Table 7-7). Rayong site 16 km west of Rayong in the monsoon season
during overcast starlight. There was medium-to-full overcast prior to moonrise. Data were measured in
conjunction with Flight 87. Flight 87 occurred from 1926 to 2037 LCT in the area 8 km south of Rayong.

Station 1.7 began after the flight ended, spanning 2105 to 2145 LCT.

Table 7-7. Station 1.7

Filters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m-1) 1 63E-4 1 22E-4 9.32E.5 8.04 E-5 1 36E-4

*(0,300)/s (0) 0 367 0346 0.298 0 256 0 276

*(0.1500)/s (0) 00408 0.0404 00339 00143 0 0401

o(0.30°)/a(0,1500 ) 9.0 86 8.8 17.9 6 9

Downwelling Irradiance W m-2 m-,) (9 36E-6) (1 06E-51 (1.83E-5) - 1 59OF"

Path of Sight Radiance(Watt I-I mn1,m )

Filters
Terrain Description Zenith Angle Azimuth 1 2 3 4 5

Sandy Beach 103 South 6 17E-7 8 08E-7 2.14 E-6 2 87E-6 1 13E-6

Values in parentheses are based on a1r6ame measurements during Flight 87.
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Station 1.8, 13 October 1968 (Table 7-8). Rayong site in the monsoon season during starlight before
moonrise. There was a light haze with clouds around the horizon. The sky glow was clearly visible from
Utapao to the west and from the closest village to the northwest. There were eight to ten campfires along
the beach to the southeast and one or two fishing boats with lights to the south. Measurement time span
was from 1940 to 2118 LCT.

Table 7-8. Station 1.8

Filters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m-1) 1.62E 4 1.56 E-4 1 34E-4 1 11 E-4 1.76E-4

a (0.301)/s (0) 0356 0444 0.386 0.406 0.281

a (0,1501)/s(0) 00336 00296 00176 000806 0.0228

a(0,30')/o(0,1500) 106 15.0 21 9 503 12.3

Downwelhing Irradiance (W m-
2 pm"1) (Average) - - - - 1 56E-5

Path of Sight Radiance (Watt Q- m--
2  

m- 1)

Filters
J Terrain Description Zenith Angle Azimuth I 2 3 4 5

Wild sweet peas & grass 92 West 2 63 E-7 4 16 E-7 6.55 E-7 7.09E-6 7 59E-7

Sandy Beach 92 West 9 08E-7 1 16E-6 3 56E-6 6 17E-6 -

Sandy Beach 94 West 8 73E-7 -

Sandy Beach 100 West 8 78 E.7 1 08E-6 2.49E-6 2 94 E-6 1.51 E-6

Ocean water, shallow 92 South 1 38E-6 1 52 E-6 2 83E-6 3 91 E-6 1.99E-6

Station 1.9, 19 October 1968 (Table 7-9). Rayong site 16 km west of Rayong in the monsoon season
during starlight before moonrise. There were light wisps of clouds scattered overhead. It was cloudy or
hazy around the horizon. The offshore windspeed was approximately 6 km/hr. There was typical fishing
boat activity and a sky glow in the Utapao direction. Data were taken from 2113 to 2252 LCT in conjunc-
tion with Flight 881 from 2111 to 2226 LCT over the ocean 8 km south of Rayong.

Station 1.10, 22 October 1968 (Table 7-10)., Rayong site in the monsoon season during overcast star-
light before moonrise. During the background radiance measurements the sky was almost completely
clouded over and only intermittent patches of stars were visible. The offshore windspeed was approxi-
mately 10 to 12 km/hr. There were no fishing boat lanterns due to continued small craft warning (there
was a storm the night before). There was light surf (normally there was none) and a heavy dew. Measure-
ment time span was 2032 to 2214 LCT.
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Table 7-9. Station 1.9

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m- ) 1 24E-4 1 09E 4 8 29E 5 7 70E-5 1 13E4

*(0.301) s(0) 0547 0446 0463 0412 0298

"u (0,160') s(0) 00508 00577 0 0348 00231 0 0446

a(0 30") ai(0.150') 108 7 7 13.3 178 67

Downwelhing Irradiance (W m- am-') (Average) (1 14E-5) (1 25E-5I (1 78&-5) 1 45E-5

Radiance (Watt Q- I m- I am- 1)Path of Sight

Filters
Terrain Description Zenith Angle Azimuth 1 2 3 4 5

Sandy Beach 92 West 8 68E-7 1 06E-6 2 19E-6 2 23E-6 1.54&-6

Sandy Beach 94 West 9 59E-7 1 00E6 2 04E-6 2 07E-6 1 32E-6

Sandy Beach 96 West 8 30E 7 9 87E 7 2 04 E 6 2 11 E-6 I 30E-6

Sandy &_ h 92 East 921 E-7 1 14E-6 2 50E-6 3 06E-6 1 52E-6

Sandy Beach 94 East 8.36 E-7 9 98E-7 2 33E-6 2 ,ý 6 1 37 E-.j

Sandy Beach 96 East 8.46E-7 1 05E-6 - 2.46E-6 1 40E-6

Ocean 92 South 1 0GE-6 1 18E-6 1 75E-6 1 70E-6 1 32E-6

Values in parentheses are based on airborne measurements during Flight 881

Table 7-10. Station 1.10

Filters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m-9 1.56E-4 1 20E-4 1 02E-4 8 78E-5 1 35E-4

a (0.300)/s (0) 0.393 0443 0400 0315 0 314

a (0,.150)ls(0) 0 0511 0 0632 0 0269 0.0181 0 0435

a (0,301'ula0,1500
) 7 7 8.3 14.9 17.4 7 2

DownwelhIng Irradiance (W n- im
1

) (Average) - - - - 1 20E-5

Path of Sight Radiance (Watt q- I m- 
2 m-

Fitters
Terrain Description Zenith Angle Azimnuth 1 2 3 4 5

Dirt road 92 West 4 93E 7 6 43E 7 1,39 E-6 2.63 E-6 4 60E-7

Dirt road 96 West 4 42E 7 5.53 E-7 1 38E-6 2 78E-6 3,95E-7

Dirt road 92 East 4 44E 7 5 34E-7 1 26E6 2 31E-6 4.85 E-7

Dirt road 94 East 420E7 468E7 1 11E6 171E6 4 90E-7

Dirt road 96 East 3 39E-7 4.18E-7 1 03E 6 1 62E-6 4 03E 7

Scrub and sand 92 North 2 65 E-7 3 30E-7 6 74 E-7 1 49 E-6 -

Scrub and sand 94 North 2 23E-7 2 54 E-7 5 34E 7 1 12E 6 2 49E-7

Scrub and sand 96 North 203E7 230E7 5 22E-7 105E6 250E7
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TDY-2 STATIONS

I.vrong Sil1. The second Thailand trip, TDY-2, was during the relatively dry season. Stations 2.1

through 2.4, 23 February through 2 March 1969, were at the Rayong site at latitude 12.7'N and 101.3"E. The

ground station was located on the coast 16 km west of Rayong on the same site used for TDY-1. The site

was in a vegetated area between the beach sand and a road. Beach sand and the road ran roughly east and

west; there was scrub and sand to the north, the ocean was south. Water just offshore was approximately

3 m in depth. The flight path for Flights 97 and 101 are shown in Fig. 7-4.

I

Station 2.1, 23 February 1969 (Table 7-11). Rayong site in the relatively dry season during moonlight.

The moon phase angle was 970, moon zenith angle 50' to 560, and moon azimuth 2910 from the north. There

were clouds and haze on the horizon at sunset. The sky was clear overhead with some scattered clouds

during the measurements. A campfire was noticed to the east. The windspeed was 27 km/hr from the

south to southwest. Measurement time span was 2108 to 2139 LCT.

Table 7-11. Station Z 1

2 Filters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m-' - - -

a (0.30'), s(0)

a (0,150') /s(0)- -

Ui ,(0,30') 0(o,150")

Downwelling Irradiance (Wm-2 pm-')

ii
Sathof Sight Radiance (Watt Q-V m-2 Jim-')

Filters
Terrain Description Zenith Angle Azimuth 1 2 3 4 5

SDirt Road (West) 92 340 401E6 576E6 1 315E5 1 39E5 789E6

Dirt Road (West) 94 340 609E6 630E6 - 1 29E5 894E6

Dirt Road (West) 96 340 3 94E 6 4 23E 6 1 06lE 5

Dirt Road (West) 100 340 162E6 319E6 2 19E 6 278E6

Dirt Road (West) 105 340 337E6 362E6 5 53E 6 591E 6

Dirt Road (East) 92 160 786E6 1t02E5 244E5 244E5 135E5

Dirt Road (East) 94 160 722E6 8 77E 6 200E5 1 07E5

"Dirl Road (East) 96 16n 593E6 7 075E6 1 62E-5 1O0E5 903, E 6

Dirt Road (Fast) 100 160 522E6 641E6 163E5 1 26E5 281E6SDirt Road (Easil 105 160 2 12E-b 256E6 168E5 954E6
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5SItion 2.2, 26 February 1969 (Table 7-12). Rayong site in the relatively dry season during moonlight.

The moon phase angle was 620,, moon zenith angle 230 to 37", and moon azimuth 316" to 301 from the north.

The sky was clear overhead with scattered small clouds and haze on the horizon. The windspeed was 16

to 19 !,m/hr from the south to southwest. Measurement time span was 2122 to 2236 LCT.

Table 7-12. Station 2.2

Filters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (im- ) 1 42E-4 1 24 E-4 6 62 E-5 6 34E 5 9 91 E-5

*(0,30') s(0) 0555 0400 - 0341 0.412

* (0,1501)fs (0) 000349 00308 00302 00227 00319

*• (0.30') a (0, 150") 159 165 - 150 12 9

Downwelling Irradiance (W m-
2 

-1n) (After) 4 35E-4 4 79E-4 6 44 E-4 4 80 E-4 4 54 E 4

Radiance (Watt Q- I m-
2 

m- )
Path of StqhtFitr

Filters

Terrain Description Zenith Angle Azimuth 1 2 3 4 5

Dirt road (west) 92 320 1.66E-5 2.04 E-5 4 49E-5 4 65E-5 2 58E-5

Dirt road (west) 94 320 1 78E-5 2 16E-5 4 86E-5 4.36E 5 2 75E-5

Dirt road (west) 96 320 1,88 E-5 2.30E-5 5 31 E-5 4 80E-5 2.97E 5

Dirt road (west) 100 320 2 06 E-5 2 59E-5 6 22E-5 5.39 E-5 3.40E 5

Dirt road (west) 105 320 1 94E-5 2 48E-5 6 14E-5 5 34 E 5 3 27 F.-5

Dirt road (east) 92 140 2 04 E-5 2.45E-5 6,02E-5 6 29E-5 3.23E 5

Dirt road (east) 94 140 1 98E-5 2 42E-5 5 38E-5 4 92E-5 3 04E-5

Dirt road (east) 96 140 1.91 E 5 2 31 E-5 5,26 E-5 4.70E-5 2.96 E-5

Dirt road (east) 100 140 2 00E-5 2 43E-5 5 90E-5 5.13E-5 3 19E 5

Dirt road (east) 105 140 2 33E-5 2 86E-5 6 03E-5 5 86E-5 3.74 E-5

Station 2.3, 28 February 1969 (Table 7-13). Rayong site in the relatively dry season during moonlight.

The moon phase angle was 400, moon zenith angle 160 to 310, and moon azimuth 3210 to 2980 from the north.

The weather was cool with scattered clouds. The windspeed was 16 to 19 km/hr from the south. Measure-

ment time span was 2234 to 2351 LCT.
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Table 7-13. Station 2.3

Filters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (m-')

(0,30' ) s(O)

,(0 150') s 0)

,(0,30') 1 (0,150 )

Oownwetllhng Irradiance (Wnm--rnjp-') (After1 8 75E-4 8.73E-4 I 19E-3 9.07:.-4 9.36E-4

Radi ance (Watt (Q - im" - i1)Path of Sight
Filters

Terrain Description Zenith Angle Azimuth 1 2 3 4 5

Shrubs and sand (west) 92 320 1 37c-6 2 03E-6 2 60E-6 8.97E-5 2.45E-5

Shrubs and sand (west) 94 320 1 33E6 1.84E 6 2.32 E-6 7 64 E-5 2 30E-5

Shrubs and sand (west) 96 320 1.21 E-6 1 57E-6 1 21E 6 2 72E-5 9.95%-6

Shrubs and sand (west) 100 320 1 26E-6 I 73E-6 2 68E-6 6 51 E-5 1.86E-5

Shrubs and sand (west) 105 320 1 48E-6 1 70E 5 2 93E-6 4.72E-5 t 69E-5

Shrubs and sand (east) 92 140 2 15E-6 2 66E-6 5 48 E-5 8.39 E-5 3 24 E-5

Shrubs and sand (east) 94 140 2.99 E-6 3 77E-6 - -

Shrubs and sand (east) 96 140 264E6 3 32E-6 5 91E-5 8 04 E-5 3 91E-5

Shrubs and sand (east) 100 140 2 19 E-6 2 956 6 5 12E-5 8 49E 5 3 37E-5

Shrubs and sand (east) 105 140 2 25E-6 2.82 E-6 4 73E-5 6 64 E-5 3.18E-5

Station 2.4, 2 March 1969 (Table 7-14). Rayong site in the relatively dry season during moonlight. The

moon phase angle was 180,, moon zenith angle 370 to 27c, and moon azimuth 78' from the north., There were
scattered clouds. The windspeed was 19 to 24 km/hr from the south to southwest. Measurement time span
was 2045 to 2127 LCT.

Lop Buri Site. The second Thailand trip, TDY-2, was during the relatively dry season. Stations 2.5

through 2.,0, 7 March through 12 March 1969, were at the Lop Burn site at latitude 14 8"N and longitude
100.4 0E. The ground station was at the Lop Butr site near Sing Burn. The same general site was ured as
for TDY-1 ,, except that the truck and instruments were located 13 m south into the field. The rice had been

harvested so the field was dirt and stubble during TDY-2. Three views of a typical harvested rice field are

shown in Fig. 7-5.
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Table 7-14. Station 2.4

Vara N b 2 3 4 .)

Total S'dtlerivq Coeffi•-ent (o' I

,'(030 s^O

,,0 150 s1•i31

( , 30 ,0 '50

Downwehiini Irradiai .e (W in " i- Aftfii) I 57E 3 1 68E 3 2 19 E 3 1 60 E i 17E 3

Path of SiqehR
Filti-rs

Terrain Descrirtion Zenih Angqie Azirrmuth 1 2 3 4 5

Dirt road (west) 42 132 612E5 7 16E5 1 73E4 1 59E4

Dirt road (west) 34 192 67265 8 05 E5 1 19E4 1 45E4 9698E5

ODrt road(west 96 192 723E5 871E5 1 94E4 1 61E4 1 08E4

Oirt road westp 100 192 783E5 954Er 2 1,._4 1 73F4 I 18E4

Dirt road (westO 105 192 8 17E5 1 W0E4 2 34 8 4 1 87E4 1 26E4

Dirt road (east) 92 12 577E5 7, 0315 1 45L
4  

1 21, 4 833E5

Dirt road (Cast) 94 12 557E5 6728E 1 33E4 : 17L 4 3565

Dirt road-east) 96 12 547E5 6 556 5 1 398E4 1 15E4 7 97E-5

Dirt road (eastW 100 12 675E5 804E5 1 88EA 1 617I4 1 02E4

Dirt road (east) 105 12 796E5 969E5 2 23E-4 183E4

-A'

North East Southwest

Fig. 7-5. Views of hw'vested rice fields at lop Burt sitei during TI)Y-2.

Station 2.5, 8 March 1969 (Table 7-15). Lop Buri site in the relatively dry season during moonlight.

The moon phase angle was 57", moon zenith angle 69'"to 56., and mora azimuth 118" to 127,from the north.

Evening began with haze at the horizon but clear skies overhead and a windspeed of 3 to 8 km/hr from the
south to southeast. Then a smnke trail blew in from the south in a very tight smoke layc.r which occulted

the moon. This happened before the nephelometer measurements. By the tIme the background ,adiance

measurements were being made,, the smoke had scattered somewhat. Smoke had completely cleared away

by the and of measurements. Measurement time span was 2351 to 0057 LCT.

7-16



Table 7-15. Station 2.5

F - lrer•

Variable Name 1 2 3 4 5

T
otal G.%ltering Coefficient (m 'I 2 55E 4 2 25E4 1 48E 4 1 42E 4 1 96E-4

r(030 ) st0ý 0370 0361 0273 0196 0289

i0o 150 1 sto) 00223 NnA16 00178 00137 00197

.( o30 i 1,t5), 166 16 7 15 4 143 14 7

Downweiling Irradiance (W m /im-) (Before) 1 78E4 1 92E4 242E4 185E4 1 90E4

(After) 2 70 E-4 295E4 4 00E-4 2 93E-4 2 80E-4

Station 2.6, 9 March 1969 (Table 7-16)., Lop Buri site in the relatively dry season during starlight be-
fore moonrise., There was haze on the horizon but the sky was clear overhead. The windspeed was 8 to
11 km/hr from the south to southeast Measurement time span was 2123 to 2314 LCT. Moonrise was at

2315 LCT. Data were taken pist prior to the advent of Flight 92 in the same general area as the ground
station.

Table 7-16. Station 2.6

Filters

Variable Name 1 2 3 4 5

Total Scattering Coefficient In- 1s) 2 94 E-4 2 60 E 4 1 70 E-4 1 65 E-4 2 27E-4

'(030 1 s,0; 0327 0308 0227 0166 0255

",0 150 S40) 00215 00210 - 00137 00202

,t0 30 0,t 150 I 152 147 - 121 126

Downwelltnq Irradiance t" m-- eim'-) (Before) 5 50E-6 5 67E6 9 42E-6 1 10E-5 7 08&E6

Aftert 891E6 928E6 1 34E5 1 2E65 1 02E5

Radiance (Watt (.q- I I'm-')Path of Sight

Filters
Terrain Description Zenith Angle Azimuth 1 2 3 4 5

Har.,sýved Rice Field 15 1 60E-7 806E 7 5 21 E 7 5 95E 7 3 96E-7

Harvested Rice Field 93 WVef. 1 59E7 214E7 5 07E-7 8 30E-/ 452E7

Harvesteo Rice Field 95 Wst 1 74 E 7 2 19 E 7, 5 656E , 8 51 E 7 4 80E-7

Harvested Rice Field 100 t,ýst 1 74 E 7 5 51 E 7 7 57E 7, 4 48 E 7

Harvested Rice Field 105 tiesT I 70E, 1 98E7 512E7 611E7 4 181 7,

Harvested Rice Field 120 ii'ýst 45E 7 ' 55 E 1 4 33E 7, 5 46 E 7

Harested Rice Field 135 West 1 297, 1 56E7 4 13E7 593E7 354E7

Harvested Rice Field 93 East 1 63 E 7 2 11 E 7 5 56 E 7 7 19E 7 4 67 E-7

Harvested Rice F eld 95 East I 80E 7 2 18F 7 5 79E 7 7 40E 7 4 71E-7

Harvested Rice Field 100 Eat 1 1 ? 2 27E 7 5 83E 7 6 86E 7 4807

Harvested Rice Field 105 East 2 03E7 241E7 536E7 697E7 5006E 7

Harvested Rice Field 120 East 217E-7 256E7 631E7 634E 7 500E7

iPatvve;s.d Rice Field !35 East 229E7 265E7 639E7 591E7 4 95E-7

Harvested Rice Field 180 24or 7 269F7 6 28E-7 586E7 491E7
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Station 2.7, 9 March 1969 (Table 7-17). Lop Bun site in the relatively dry season during moonlight.

The moon phase angle was 69',, moon zenith angle 65' to 54',, and moon azimuth 126' to 136"from the north

This was a continuation of data-gathering after moonrise on the same night as station 2 6. There was haze

on the horizon but the sky was clear overhead. The windspeed was 8 to 11 kmi, hr from the south to south-

west. Data were taken from 0115 to 0221 LCT in conjunction with Flight 92 from 0031 to 0253 LCT in the

same general area as the ground station.

Table 7-17., Station 2 7

Fihters

Variable Name 1 2 3 4 5

Total Scattering Coefficient (ni 1) 3 23 E 4 2 82E 4 1 84F 4 1 76E 4 2 30E 4

",(030 I si0) 0330 0309 0224 0 159 1) 2 r

(0 150 0) 00191 00182 00151 00113 00170

60,30 A 1,50 ) 17 1 17 0 14 8 14 1 14 6

Downweling Irradiance W m- iim 1) ýBeforeo I 45E 4 203E4 1 59E4 1 47E4

IAfter) 182E4 201E4 277E4 207E4 201E4

Path of Siqht

Terrain Description Zenith Angle Azimuth 1 2 3 4

Harvested Rice Field 180 486E6 6 12E6 1 33E5 1 36E5

Harvested Rice Field (Eastl 93 320 6 56E 6 8 30E 6 1 6385 I E 5 9 67E 6

Harvested Rice Field East) % 320 6 40E 6 8 O 6 1 59E 5 1 8r E 5 9 36 E 6

Harvested Rice Field (East) 100 320 6 28E 6 7 78 E 6 1 56F 5 1 75E 5 9 10E 6

Harvested Rice Field tEatl) 105 320 6 35 E 6 7 89 6 1 61 E 5 1 74 E 5 9 20E 6

Harvest.d Rice Field (East) 120 320 6 20E 6 7 74 E 6 160E 1 64 E 5 9 07 E 6

Harvested Rice Field (East) 135 320 5 97 E 6 7, 46 E 6 1 55E 5 1 57E 5 8 67E 5

Harvested Rice Field iWest) 93 140 840F6 1 11E5 228E5 292E5 1 3685

Harvested Rice Prield lWest; 95 140 909E6 1 18E 5 253E5 29485 1 46E 5

Harvested Rice Field (West) 100 140 913E6 1 188E , 255E5 286E5 1 45E5

Harvested Rice Field oest) 105 140 9 88 E 6 1 19E 5 2 55 E 5 3 02E 5 1 82E 5

Harvested Rice Field (Westi t20 140 8 05E 6 1 02E 5 2 08E 5 2 58E 5 1 60E 5

Harvested Rice Field (West) 135 140 919E6 103E5 215EE 254E5 1 25E5

Harvested Rice Field (West) 180 6 45E 6 8 14E,6 1 736 5 9 63E 6

Station 2.8, 11 March 1969 (Table 7-18). Lop Buri site in the relatively dry season during starlight

prior to moonrise, The sky was clear overhead, the horizon was hazy,, and the windspeed was 3 to 8 km hr

from the south to southeast. Measurement time span was 0036 to 0050 LCT.
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Table 7-18. Station 2.8

VIrat'l N,l,, 1 2 3 4 5

Total .N iinjj Cptlit,,I in(. 1) 340E4 304CA4 2 J2E 4 20 M1E4 272E4

0276 02u6 0 197 0 135 0220

, 15 1 i 00170 00162 00133 000975 0 0151

9 I ,, 16 2 164 149 138 14,5

tDiwi'Will inu 11ijoloci iv I mi forit

Station 2.9. 12 March 1969 (Table 7-19}, Lop Buri site in the relatively dry season during starlight
prior to moonrise A heavy haze was noticed at sunset which cleared sufficiVaty so that stars were visi-
ble though fuzzy. There was an east wind at 16 to 19 km/hr. Measurement time span was 2025 to
2246 LCT

Table 7-19, Station 2.9

Fi tee:s

Vairatile Name, 1 2 3 4 5

"Tet.:i •.i!t,ttnq Cor.c,•e.et 4m' 2 95E4 2 43E 4 1 37E64 1 38E 4 1 99E:4

,i.0, sp0i 0277 t252 0168 0132 0216

"j, 1,0 1 SO 03174 00167 00138 00107 0 0174

,Y(0,30 "0 150 159 15 1 122 124 124

Downwelling Irradiance (W m-- i'm-11 iBeforel 6 20E66 6 45E-6 9 28E6 7 99E66 7 29E-6

Allte) 486E6 5 18E16 I 10E5

Radihance (Wait Q. I in -' jim.-
Pith of Sight Rdn l a m

Terrain Description Zenith Anqle Azimuth t - 3 4 5

Harvested kice F-eld 180 2 97E-7 9 49E 7 1 48 E 6 3 826 7

Harv.,st.(d Rice Field 93 West 3 39E 7 4 42E 7 1 02E 6 2 32266 4 05E 7

Harvested Rice Felc' 95 West 3 5OE 7 4 61 E 7 9 WlE 7 1 80E-6 4 08 E 7

Harvested Ric,- Field 100 Wi'S? 3 80167 4 396 E 8 42E 7 2 30E 6 3 99E-7,

Harv,sted Rice Field 105 West 4 34E 7 4 99 r 7 8 83 E 7 1 696-C 3 48 E67

Ha-v,.sted Rice PFiId 120 West 237E7 2 7tE 7 C 2%E7 1 17E6o 2 78 6-7

Harvsted Rice Field 135 1,*151 2 5 E 7 3 67, 5 73 E 7, I N E 6 2 87E 7

Harvest,41 Rice F,,Ild ,3 East 2 7 E 7 3 03 E 1 7 93 L 7 1 27 E o 4 30E 7

Harvested Rice Field 95 East 283E7 312P 7 54!- 7 123F6 461 E7

Harvestedt Ric, Field 100 East 3 19E7 4 37E7 116E6 1 336E1 4 5SE-7

Harvester Rice Fiold 105 East 3126 33367 73567 1 32 E r 44E 7

Harvesteit Rice Field 120 East 3 24 E 7 3 436 7 6 f E 7 8 93 7 7 3 95E 7

Harvested Rico Vi,.-d 135 East 2 7'1.7 3 22F? 7 56: 1 15 i 0E 4 523 7

Harvested Rice Field i81 i2 ,56 7 2 9 I E 7 B 9806 7 1 fI E G 4 70E-7

DIRECTIONAL BACKGROUND REFLECTANCE

The directional background reflectance values hR 0,;;, are presented fn Table 7-20 for the wet sea-
son TDY-1. They are given in order by station number with descriptive nformation on the phase angle and
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zenith angle of the moon. The reflectances are obtained from background radiances and irradiances mea-

sured concurrently, except as noted.

The reflectances are presented with two significant figures indicating the reliability of the values. It

should be kept in mind that there is an expected variability in reflectance for a given background for each

path of sight due to the point-to-point differences in the background over a large area.

No reflectances are presented for TDY-2. Reflectances computed using an average of the irradiances

measured before and after the background radiances indicated that compensation should be made for the

change of irradiance with time. This could be done by assuming that the irradiance changed linearly with

time. This will be the topic of a later study.

Table 7-20. Directional Reflectance, Wet Season TDY-1

Moon Pat h of Sqht FHlf h'etna v

Phase, Zenith Zenith Fit.r•s

Station Angle Angle Description Anqhi Atzmitilth 1 2 3 4 5

1 1 85 6364 Rice Frield 91 0 0 20 0 It 065 0 22

90 0063 0 11 0063 062 0 13

180 010 0 15 0095 0 77 0 18

1 2 72 5859 Rice Field 92 0 0062 014 011 052 0 15

90 0046 0 10 0 060 0 50 0 11

180 0 03 0 13 u i,0 0 62 o 14

1 3 36 3028 Rice Fielai 92 0 00,14 0 11 t 1 )037 032 0 10

180 0033 0072 0041 039 0074

270 0 032 0 )72 0 39 0076

Dirt Road throuiqh Rice Field
(West ) 92 110 (113 016 025 029 017

1 7 Before Moonrise Sandy Beach* 103 South l0 21 (024 (0 37 022

1 8 Before Moonrise Sandy Beach 100 West 0 32

Wild Sweet Peas and Grass 92 l'et 0 15

Ocean, Shallow 92 South - 043

1 9 Before Moonrise Sandy Beachr 92 West (0 24 1 0 26 10 39 0(33

94 Vest (0 26 ) 0 25, 036 0 23

96 ,West O 23 1 024 10 36 0.28

92 East (025 1028 1044 033

94 East O 23 ý0 25 '0 41 030

96 East (0 23 itu 20 03o

Ocean, Shallow 92 East i0 29 0 20 29 1 3 0 29

1 10 Before Moonr~se Dirt Road (Near BeaCh' 92 We'-t -0 1

96 ,Vest i 4

92 East 012

94 Ea'•t D 12

9 East 0 10

Scrub and Sand 94 North 1' 074

06 North 0078

Downwelhing irradiance nreasiired after, rather than simultaneously with, hadr... .,id radiarce'e

"\aluws in parenthesis used downwelhing rradiancrr brased on airborn' values of Flig)t 87

I Values in parenthesis used downwelhing irradiance based on airborne values of flight 891
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7.3 GROUND-BASED DATA INTERPRETATION

TOTAL AND DiRECTIONAL SCATTERING

The attenuation coefficient is a direct measure of air clarity. In the absence of absorption,, the atten-

uation coefficient and total scattering coefficient are equivalent.

The ground stations are arranged in order of increasing air clarity for Filter 5 (decreasing total scat-

tering coefficients) in Table 7.21. The range of scattering coefficients from 2.72E-4 to 8.08E-5 is slightly

different than for the airborne data from 2.19E-4 to 4.19E-5 (Table 6-5) Seven flights show coefficients

less than 8.08 E-5 for Filter 5. Six of those seven flights occurred after 12 March 1969, which is the date

of the last ground station with recoverable data. Only three ground stations show total scattering coeffic-

ients greater than 2.19E-4.

Table 7-21. Total Scattering Coefficients for Ground
Stations Ordered by Increasing Air Clarity for Filter 5

Total Scatterinq Coefficient (m-I)
Fi Iters

Stathon Da 1 2 5 3 4

28 1 M•r 69 3 40L 4 3 04 E 4 2 72E 4 2 02 E 4 2 05 E-4

2 7 9 Mdr 69 3 23F 4 2 82 E 4 2 36E 4 1 84E 4 1 76E-4

26 9 Mar 69 294F 4 260F4 22784 1 70E4 165C4

29 12Mar 69 295E 4 243E4 1 99E 4 1 37E4 138E4

25 8 Va• 69 2 554E 2 25E 4 1 96E 4 1 48E 4 1 42E4

1 8 13 Oct 68 62 E 4 1 56E 4 1 76E4 1 34E4 1 11 E-4

1 3 3(D t 68 1 95F4 1 67E4 1 75E4 1 08E4 908E5

1 2 30 S,., t,8 ' 92E 4 1 48E 4 1 62E4 1 10E 4 8 23E 5

14 90' 168 1 35E4 1 24E4 1 54E4 1 04E4 1 11E4

16 11 (- , Z 1 57E84 1 2)E 4 1 50E 4 977E 5 8 51E 5

1 7 12 Ort to 16384 122E4 1 36E4 93285 804E5

S1] 22 o, It • 56E 4 1 20E 4 1 3E E4 1 028 4 8 78E 5

'5 1,C I . 1 39E4 1 '9E4 1 28E4 905E5 792E5

i 19 Cýl b8 1 24E 4 1 098E 4 1 13E 4 8 2185 7 70E 5

I6F.,9 142E4 1 24E4 991E5 662E5 634 E

109 Se) 69 R9 E4 791E5 8 ,8E 5 552E5 561E5

Airborn', rnd (;iiund-I3aY,;d Toll &fl'tring. The airborne and ground-based measurements of total

scattering coefficient for the three nights of near concurrent air and ground operation are tabulated in

Table 7-22. The data are given in chronological order. Two values of scattering coefficient per filter are

given for each flight. One value is for the measurement during the lowest altitude of level flight. The

second value is obtained from the data at the lowest altitude, in parenthesis, of the ascent or descent

flight mode. This second value has been extrapolated to ground level by assuming an optical standard at,
mosphere for the intervening path (Eq. 2-9) which increased the measured value by approximately 2%,

For 9 March 1969 we have data on two ground stations (2 6 during starlight and 2.7 during moonlight)

as well as on Flight 92 (during moonlight). Some of the measurements were taken concurrently Quite
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clearly the ground-based data show relatively little change with time. The airborne data, although slightly

lower in magnitude than the ground-based data, also indicate relatively little change with time. Clearly,

the atmosphere in the interval from ground level to a 168-through-183 m altitude is not well represented by

the optical standard atmosphere for Flight 92. It would be more reasonable to extrapolate to the ground-

based value measured during station 2.7.

For the two ear!ier dates,, 12 October and 19 October 1968, the airborne scattering coefficient data

show a clear change with time, i.e., increased scattering as time progressed. Due to the lack of ground-

based data concurrent with or preceding the airborne data, it is not possible to determine whether the

ground-based data indicate a further decrease in air clarity with time or also indicate that the ground level

to 195 m interval cannot be represented by the optical standard atmosphere.

The Rayong ground station data for station 1.9 are compared to data from Flight 881 since the airplane

was in sight from the ground station during the flight pattern The ground station data are not compared to

data from Flight 8811 however, since this flight was over land farther east beyond a low range of hills.

The airplane was not visible from the ground station during Flight 8811

The data in Table 7-22 indicate the importance of concurrent air and ground station operation for full

documentation of the total scattering coefficient profile with altitude. The ground station provides the an-

choring ground level value to complete the profile with any degree of certainty.

Table 7.22. Airborne and Ground-Based Measurements of Total Scattering Coefficient

Total Scatterinq Coefficient (m-W

Flight or Time LCT Attitude Filters

Date Station No. Start End (Meters) Mode 1 2 3 4 5

12Oct68 87 1926 1930 191 L 834E5 668E-5 4876E5 395E5 101E-4

12Oct68 87 2013 2035 01183, A D 1 23E4 107E-4 944E-5 665E5 1 10E4

12Oct68 1 7 2134 2143 0 GS 1 636E4 1 22E4 932E5 804E5 1 36E-4

19Oct68 881 2111 2121 1956 L 845E5 697E5 492E-5 387E5 8146E-5

19 Oct 68 881 2200 2226 0(183) A D 1 08E-4 8 00E-5 5 59 E-5 4 68E-5 9 86E-5

19 Oct 68 1 9 2243 2251 0 GS 1 246E4 1 09E-4 8 2!j.1 770E5 1 13E-4

9Mar69 26 2123 2314 0 GS 2946E4 2606E4 1 70E4 1 656E4 227E-4

9Mar69 92 0031 0045 168 L 234E4 1 88E-4 1 116E4 680E5 1 77E.4

9 Mar 69 2.7 0205 0220 0 GS 3 236E4 2 82 E-4 I 84E64 1 766E-4 2 36E 4

9Mar69 92 0226 0241 0j183) A D 222E4 1 79E4 1 136E4 6996 5 1 8864

Values in parenthesis are lowest altitudes of measurement

"Filter 1 value is for 502 m attitude

L - Level A D - Ascent or Descent GS Ground Station

Directional Scaltering. The data on directional scattering are presented in the form of proportional di-

rectional scattering coefficients a(0,3 0 °)/s(O) and a(0,150°)/s(0). This form is particularly useful since

f [a(z,/3)/ s(z)] d•Ž 1 . (7-2)
477
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The dimension of the proportional directional scattering coefficient is per steradian. The values for

(.(z,30")/s(z) should be 0.1 and the values for (r(z,150")/s(z) should be 0.1. This latter evaluation

comes from inspecting the catalog of proportional directional scattering coefficients published by

Barteneva (1960). Refer to Appendix F. All the ground-based directional scattering data meet these cri-

teria. The values of proportional directional scattering coefficients may be converted to directional scat-

tering coefficients in units of Q-1 m-1 by multiplyinq by the total scattering coefficient.

No valid data on directional scattering are available from the airborne operation. Therefore the ground-

based data are all the more valuable as the only measure of the directionality of the volume scattering

function.

The ratio of forwardscattering to backscattering at 30' and 1500 is a useful indication of the direction-
ality of the scattering. For TDY-1 this ratio generally increased with wavelength. That is reasonable

since,, although the Mie volume scattering function may show the opposite effect, i.e., decreased ratio

with wavelength,, the additive Rayleigh component affects the smaller wavelengths to an even greater ex-

tent, effectively reversing the ratio with wavelength.

For TDY-2 the ratio is generally reversed. For five of the six TDY-2 stations, the total scattering co-

efficients are the largest of all the ground station data. These five stations were at Lop Buri where

smoke from burning rice fields was commonplace so increased scattering coefficients are not unexpected.

The effect of the Rayleigh component on the directional scattering would decrease with the increase in

total scattering coefficient. But this would not account for the ratios for station 2.2 a; Rayong (with one
of the smallest total scattering coefficients), nor would it account for the shift between stations 1.8 and

2.5 (with a small change in total scattering and a reversal of the order of the ratio by wavelength). We are

in the process of investigating the TDY-2 directional data and sugigest caution in its use.

Selection of 1ie V'olume &Sattering Function. A verification of the method of selecting the Mie vol-

ume scattering functions for the airborne data was obtained with the directional scattering data measured
at the ground station during the three nights of concurrent ground and flight operation.

For both stations 1.7 and 1.9 the a (0,30c)/or (0,150l) ratios (6.9 and 6.7, respectively, for Filter 5) are

halfway between the ratios of 5.0 and 8.5, which are for Barteneva function numbers 4 a, -1 5. Since the

airborne scattering coefficient at the lowest altitude for both Flights 87 and 881 was lower tian the ground
station scattering coefficient (refer to Table 7-22). the airborne volume scattering function should be more

similar to number 4 than number 5. Number 4 was also the function selected on the 'asis of the total

scattering coefficient for Filter 5 for both flights (refer to Table 6-5)

A similar comparison for the 9 March 1969 data is not as good. This might be expected since the

TDY-2 ground station directional scattering data are somewhat suspect due to the decrease of ratio with

increased wavelength. The ratios for stations 2.6 and 2.7 (12.6 and 14.6, respectively) indicate a function

closest to numbc 6, whereas number 5 was selected on the basis of the slightly smaller total scattering

coefficient at the lowest airborne altitude.

DOWNWELLING IRRADIANCE

A summary of downwelling irradiance H(0,d) measured at ground level is presented in Table 7-23. The

stations are arranged in order of increasing irradiance for Filter 5. The range is comparable to the range

encountered during the airborne measurements (refer to Table 6-3). The moon phase angle and zenith angle
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are given in the second and third columns. They indicate the comparative contribution of the moon to the

total irradiance (see Fig. 6-1).

The stations are arranged into three irradiance or flux levels corresponding to the groupings utilized

for the airborne data. (1) The low flux level is for starlight. (2) The intermediate flux level is typified

by the quarter moon or 90' phase angle. These stations cover moon phase angles from 850 to 46'. (3) The

high flux level irradiances are for full or near full moon with phase angles from 18'to 40'.

Table 7-23. Downwelling Irradiance H(z,d) Watt m- 2 jm- 1 for Ground Stations

Moon
Station Phase Zenilh FIIters

Flux Level No Angle Angle 1 2 5 3 4

Starlight 29 Before Moonrise 6 20 E 6 6 45 E 6 7 29E 6 9 28E 6 7 99E-6
4.86E-6 5 18E-6 1 10E-5 -

26 Before Moonrise 5 50E-6 5 67E-6 708E-6 942E 6 1 101-5
8916E:6 928E6 102E5 1 34E5 1 26E5

1.10 Before Moonrise - - 1 20E-5 -

1 9" Before Moonrise (1.14 E-5) (0 28-5, I 45E-5 (1 786-5)

1 8 Before Moonrise - - 1 56E 5

1 7"" Before Moonrise (9 36E6) E 1 06E-5) 159E5 11 83E5)

Quarter Moon 27 69 65-54 - 1 45 E-4 1 47 E-4 2 03 E 4 1 59 E-4
1 82E-4 2 01 E-4 201 E 4 2.77 E64 2 07 E-4

1 1 85 6364 1 33 E-4 1 86 E-4 1 63 E-4 2 38 E 4 1.84 E 4

25 57 69-56 1 786E4 1 92E-4 1,90E-4 242E-4 1 85E-4
2 70E-4 4 00E-4 2.80 E-4 400E4 2 93E 4

1 2 72 5859 280E4 2 90E4 2 70E-4 362E4 2.80E-4

1 5 46 47-45 402E4 4 03E4 3 84E-'A 4 95E-4 408E4

1.6 58 51-48 3 96E-4 4 10E-4 3 86E-4 4 95E-4 3 92E-4

22 62 2337 435E4 47964 4 54E-4 6 44E-4 4 80E-4

Full Moon 23 40 1631 8 75E4 8 73E-4 9 36E-4 1 19F3 9 07E-4

14 36 26 991E4 1 OOE-3 1 02E-3 t 14E3 926E4

1 3 36 3028 1 15E3 I 18E3 1 23E:3 1 33E3 1 09E-3

2 4 18 37-27 1 57E3 I 68E3 1 77E-3 2 19E-3 1.60E 3

\Vilues in parenthesis are based on airbornm- measircrrents during FlIql't 881

Values in parenthesis are basred on airborne mnasirements dutrimi Flight 87

Concurrent Airborne and Ground-Based Irradi•a e ,leasutements. A comparison is given in Table 7-24

for Filter 5 of the irradiances measured during starlight at the ground station 16 km west of Rayong with

the irradiances from the airborne data during flights 8 km south of Rayong. (Data for Filters 1 through 4

were not available for starlight flux levels for TDY-1 ground stations.) Since neither the times nor the lo-

cations for the flights and stations were equivalent, the comparison is mac, for the range of values over

the measurement time span in both cases. By using the range of values for all altitudes from the flight

data in the comparison, we are interpreting the variability as being primarily a time and horizontal loca-

tion variability rather than a true function of altitude change. rhe ranges are reasonably comparable, par-

ticularly for 12 October 1968.
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Table 7.24. Starlight Airborne and Ground-Based Irradiances

wvo iimw-l I r nit rJd . ,i

Fiiht or Altiudfi. (m Time LCT (Watt m- ur m )
Oate Station No Start Enil Start End Mimmum Maximum

12 Oct 68 87 192 1700 1929 2009 1 32E 5 1 656E-5

12 Oct u8 1 7 0 0 2125 2145 1 42 E 5 1 59E-5

19 Oct 68 881 197 1710 2113 2155 1 16E5 1 41E5

190Oct 68 1 9 0 0 2113 2251 1.42 E-5 1 47E-5

A comparison of the airborne and ground-based data for moonlight Flight 92 and station 2.7 near Lop

Buri is given in Table 7-25. These data were taken during a rising moon with phase angle 701 (zenith an-
gle range from 74' to 54"), Airborne data are taken at approximately the same times as the ground-based
irradiance data. In this instance the obvious primary effect is the increase in irradiance as the moon
rises. The ground and airborne data are reasonably comparable for all filters at equivalent times.

The comparability of the airborne and ground-based measurements of downwelling irradiance during the
three nights of concurrent air and ground operations indicates that the use of the downwelling irradiance

from the lowest flight altitude is indeed reasonable for computation of the directional path reflectances

(Eq. 2-4).

Table 7-25. Moonlight Airborne and Ground-Based Irradiances

Oownwelling Irradiance •6ltt m - im- 1

Fhqht or Time LCT FIllers

ID t Statron Fo A Ition•i' Start End 1 2 3 4 5

9 Mar 69 92 778 0108 0122 1 35E4 1 47E4 202E4 1 09E4 1 48EA

9 Mar 69 27 0 0115 nl16 1 4564 203E4 1 59E4 I 47E4

9 Mar 69 92 1376 0147 n2fll 218E4 2 00 E 4 260E4 305E4 2366 4

9 Mar 69 27, 0 0157 01 5ý 182E4 201E4 277E4 2107E4 201E4

TERRAIN RADIANCE AND REFLECTANCE

During TDY-1 the terrain radiances were measured for the shallow paths of sight, zenith angles from
920to 105', since these were the angles most pertinent to the SHED LIGHT task. The rice field reflectances

clearly show the expected spectral characteristics for the presence of xanthophyll and chlorophyll. There
is a small peak in the spectral curve for Filter 2 (mean wavelength A = 515 irm) lying between the lower re-

flectances for Filter 1 (A 2 478 nm showing xanthophyll absorption) and Filter 3(,X z- 663 nm showing chlor-
ophyll absorption) The highest reflectance is for Filter 4 Gk - 740 nm). The reflectance for growing rice

for Filter 5 (A = 525 nm) are most similar to those ot Filter 2.

During TDY-2 an attempt was made to obtain terrain radiances for both the shallow angles and the

steeper paths of sight in order to more fully document the directional reflectance characteristics of the
terrain. Unfortunately, due to instrumental difficulties, it was not possible to obtain a direct measure-

4
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ment of downwelling irradiance for the first eight stations of TDY-2, therefore, simultaneity of background

radiance and downwelling irradiance was not achieved. Data fo0 the remaining ground stations were not

recoverable due to data logger magnetic tape handling difficulties

Great caution should be exercised in attempting to nht!in reflectance values for the TDY-2 terrain rad-

iance data. When only one measurement of downwelling irradiance is available (stations 2.2 through 2.4),,

there is no way to determine if it was a stable value throughout the period of measurement or a highly var-

iable one. For instance,, during TDY-1 at station 1.2, measurements of terrain radiance were made for only

three paths of sight. But the downwelling irradiance measurements for Filter 5, made simultaneously with

Filter 5 terrain radiance measurements, showed values of 3.50 E-4,, 1.90 E-4, and 2.6 E-4 W Q-I m-2 pm-I in

that order over a period of only 8 minutes Stations 2.6 through 2.8 have two measurements of downwel-

ling irradiance and two measurements of nadir reflectance of the terrain representing the conditions at the

beginning and end of the terrain radiance set. If both the nadir terrain radiance and the downwelling ir-

radiance show a consistent shift with time for all filters, it is probably reasonable to use a linear inter-

polation of irradiance with time., If they indicate a variability filter-to-filter or an inconsistency between

nadir radiance change and irradiance shift, the situation is variable and any reflectances derived are rela-

tively unreliable.

The importance of making simultaneous measurements of downwelling irradiance and terrain radiance

for obtaining reliable values of terrain reflectance cannot be overemphasized.

SUMMARY

The twofold purpose of the ground station was (1) to provide measurements of inherent background

radiance and reflectance and (2) to provide continuity of measurement by establishing ground-level values

of downwelling irradiance and total volume scattering coefficient.

A particularly excellent job of supplying background radiance measurements was achieved through the
ground station. The large aperture telephotometer worked well at even the extremely low flux conditions of

starlight with no moon. The measurement method for obtaining reflectances with simultaneous measure-

ments of downwelling irradiance and terrain radiance was also excellent The need for simultaneity was

underscored by the recovery problems encountered due to instrumental difficulties.

The necessity of measuring the total volume scattering coefficient at ground level to provide continý

uity of measurement for each flight was indicated by the data from the three nights of concurrent air and

ground operation. Downwelling irradiance data from these same three nights indicate that it is reasonable

to use the airborne downwelling irradiance at the lowest flight altitude to obtain the directional path re-

flectance., These ground-station data provided a validation of the method used for selecting the shape or

the volume scattering functions for the airborne data.
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8. Royco Data

The data presented in this section were collected by the airborne Royco particle -7ounter. The data

collected by the ground-based system, approximately 726 samples, are still being evaluated and will be

presented in a separate report.

The analysis of these airborne Royco data will be developed using the ground station data as a statis-

tical base. Of the 726 ground samples available,, 566 of them were obtained during TDY-2 These aerosol

samples were drawn from inside the integrating nephelometer shroud during each ground-based data set

The comparison of these Royco samples with the sinmultarieous measurements of total and directional scat

tering coefficients will provide the base line data for future evaluation and analysis of the Royco system

performance

The data in Table PR 1 lists the particles per cubic meter detected and counted by the Royco system dur-

ing the flights being rported. The particles included in this total count range in size from 0 3 6 /L to 27 0z

Note that minimum altitudes are not the same for each flight The altitude increments which are shown as

1000 feet are approximate, the exact value being the altitudes shown in th- data tables of Section 6.

The accumulation intervals listed show variaion in time from 2 mn,'ites to 10 minutes The length of

the interval is reported because it may be considered as an indication of the measurement reliability, a

10-minute average presumably has a higher reliability than a 4-minute or 2-minute average In all in

stances the data are reduced to partiLles per cubic meter.
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Table 8 1 Total Particle Count, Particles per Cubic Meter

n l ,11inimull ml l M illlnu MIIIIIIImII MIIInil Ui l I Mii mimu Ac(:crm t Il I oil

Flight A.IIttd(! Mii:lrlum Altitude Altitude Altitude Altitude Ari tud', Intrvmil

No (In 1000 ft) Altitude' , 1000 ftI .00o 3000 1 4000 ft 5000 ft II minutes)

TDY 1

821 30 4 29E.5 386F5 554E5 562E5 1 09E5 985E5 2

3211 1 5 1 00E6 581E5 372E5 3,33E5 1 29E5 4

86 22 255E6 1 61E6 1 34E6 960E5 486E5 Variabh,,

87 No Data

881 05 5 84 E G 2 50 E 6 368E6 26726 1 87E6 985E5 4

8811 25 1 89E6 1 01E6 856E5 592E5 4

89 1.1 996E6 822E6 428E6 31f, c6 - 4

TDY 2

91 07 1 05E8 782E7 1 16E8 879E/ 748E7 548E7 10

92 05 683E7 603E7 567E7 493E7 695E7 621E7 10

93 1.6 1 40E8 1 06E8 1 27E8 140E8 844E7 704E7 10

96 13 541E8 6382E1 b25E7 687E7 502E7 578E7 10

97 05 221 E 7 409E7 361 E 7 314 E7 1 41 E 1 90E 7 10

98 06 577E7 t27E7 519E7 738E7 608E7 737F7 10

99 1.3 649E7 391E7 603E7 6.23E7 446E7 337E7 10

1001 13 725E7 725E7 569E7 551E7 487E/ - 10

101 05 424E7 351E7 397E7 521E7 408E7 265E-7 4

102 05 194E6 193E6 191E6 1 11E6 156E6 1 94E6 4
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PImage Transmission by the Troposphere I* e
A

SEIBERT Q. DUNTLEY, ALMERIAN R. BOILEAU, AND RUDOLPH W. PREISFENDORFER d
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(Received November 15, 1956) X

Quantitative treatment of the apparent luminance of distant objects and the reduction of apparent con- A
trast along inclined paths of sight through real atmospheres has been accomplished by means of optical data
taken from an aircraft in flight Sample data from a single flight are used to illustrate some of the principles
involved Correlation has been found between the humidity profile of the atmosphere and its optical
properties

INTRODUCTION air often contains haze, clouds, dust, and rain it seri-

D ISTANT objects are usually viewed, photo- ously affects image transmission more frequently than

. graphed, or televised by means of some path of do the higher strata. Exploration of image transmission

sight through the atmosphere. Conventional principles phenomena in thý stratosphere must await an oppor-

of geometrikal and physical optics suffice to describe tunity to instrument a vehicle having greater altitude

the nature of the final image except for effects due to capability.

the atmosphere. In most circumstances, however, the SOME GENERAL PRINCIPLES?
configuration of the image and its information content
is affcMted, often seriously, by its transmission from the Introduction
object to the receiver. The atmosphere can be regarded
as a transmission link in the object-to-image chain and In the absence of appreciable atmospheric boil' the

the concomitant effect of the pertinent optical atmos- apparent radiance of any distant object is the sum of

pheric% properties can be regarded as governing its two independent components: (1) residual image-

Image transmission, forming light fr-ým the object that 'has traversed the

This paper is intended as the first of a series de- atmospheric path without having been scattered or

scribing the results of an extensive on-going research absorbed: (2) radiance created by the scattering of

program which has already been in progress for several ambient light throughout the path of sight, including

years. Results from numerous theoretical and experi- sunlight, skylight, earth-shine, etc. Only the first com-

mental investigations of image transmission phe- pontent contains information about the object, for the

nomena ar, teady ao be reported and further research second is the result of scattering processes throughout

of many klnds is in progress. Experimental results from the path of sight and is, therefore, independent of the

a single flight comprise the fa(tual content of this first nature of the object. In this paper the image trans-

paper and the equations are limited to tertatin general mission of any path of sight i% ill be specified in terms of

relations needed for the practikal utilization of the data; the transmittance of the entire path and the path

this is in keeping with the scope of the oral version of radiance. No theoretical model for the atmosphere is

the paper as presented at the Cambridge meeting of the needed; consequently, nearly all restrictive assumptions

International Commission on Optics. are avoided and the equations can be used to describe

The specially instrumented B-29 aircraft used to col- any path of sight through all real isotropic atmospheres

lect the data reported in this paper has, on other flights, with any lighting condition. To be useful in practice,

secured data up to 30000 ft under several different these equations must be supplied %%ith data and these

atmospheric and lighting conditions; and subsequent are becoming available as a result of the flight 1cscaitdi

papers in the series will present data from these and program now in progress.
other flights. The optical properties of the troposphere
are of special interest because most viewing takes Notation
place through it. Roughly three-fourths of the atmos- The notation used in this paper has been adopted
phere lies within the troposphere "%nd because this lower - p-

with great care and on the basis of experience accumu-
* Presented at the Fourth Congress of the International Coin- lated over many years. It is designed to fulfill many

mission of Optics, held in Cambridge-Boston, Massachusetts,
March ^_-April 3, 1956. Published %% ith financial assistance frorn t The principles presented in this -per and in subsequent
UNESCO and the International Union of Pure and Applied papers of this series %Nere formulated in unpublished lecture notes
Physics. used %ithin the Visibility laboratory of the Scripps Institution

I Contribution from the Scripps Institution of Oceanography, of Oceanography %hich include generalize. and extend earlier
University of California, New Series No. 921. This work has ten work by the authors and others (R. W. Preisendorfer, "Lectures
sopported by the Geophysical Research Directorate of the Air on photometry, hydrological optics, atmospheric optics," Fall,
Foce Cambridge Research Center and the Bureau of Ships of the 1953, Vol. I).- 1 US. Navy under contractt• NObs-43356, NObs-50274, N.Obs- I Duntley, Ctilver, Culver, and Preisen~dorfer, J. Opt Soc AmIn

72039, and NObs-720-2. 42, 877A (1952); publication of this paplr is planned
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/ ,, the path. T,(z,0,4,) is the spectral transmittance of the
P Zpath for image-forming rays; it in(ludes the factor
n [n(z)/n(z,)]" required by geometri al opti(s whenever
d I - the index of refraction of the medium at the observer

RI FAe.. I. llustrat- In(z)] differs from the index of refraction of the mediumX I -.OOETER ing the geometry of
X POTOME" lthe path of sight, at the target [n(z,)]. In the case of paths of sight

through the troposphere the departure of [n(z)/n(zs)12A
from unity is negligible. The transmittance of the path

i.. is a property of the atmosphere throughout the path
and is independent of the distribution of the ambient
lighting; in the case of any path of sight through the

requirements: It is suited to the terrcstrially-based troposphere it is the same for upward or downward

system of altitudes and directions in which flight data transmissions, thus T,(z,O,e)= T,(z,, r-O, r+o) where
zt=.-+r cos. Because forward scattering generally ex-

must be taken and it is fully compatible with the more reed s b cuward scattering generallyex-
powerful 'edhr notation required for the generalized ceeds backward scattering, reversibility is not true of
theoretical treatments of image transmission and radia- the piath radiance N,*(zdti) exchp+ for a few sym-

tive transfer phenomena to follow. It is compatible also methscal sight cnd iions sucas (1) horiowith the nottio co mony usd i se era mahe- paths of sight under a uniform overcast, and (2) a hori-
with the notation commonly used in several mathe- zontal path at right angles to the plane of the sun pro-matically allied fields of physics, as for example, neutron vided both the radiance distributions of the sky above
diffusion theory. It is extendable to hydrological optics, and the earth below the path are symmetrical with
a natural counterpart of meteorological optics, in which
the authors of this paper are deeply interested. respect to the plane.

The basic symbol employed for the spectral radiance The image transmitting properties of the atmosphere
can be separated from the optical properties of theis N, and the symbol for luminance is B. The altitude oct by the ion of thecobject by the introduction of the contrast concept :

of the photometer is denoted by z, the height above The inherent spectral contrast Co(z,0,0) of an object is,
mean sea level. The direction of any path of sight is by definition,
specified by a zenith-atngle 0 and an azimuth angle 0, "
the pbotometer being directed upward when 0 <0<7r/2, Co(zg,6,•) = [,.o(z1,8,4)- 5Xo(z!,9,c)J/bVo(zO,•). (2)
as in Fig. 1; z, 0, and , are always written as parenthetic
attachments to the parent symbol. When the post The corresponding definition for apparent spectral con-
subscript r is appended to any symbol, it denotes that trast is
the quantity pertains to a path of length r. The sub- C (3)
scr;pt 0 always refers to the hypothetical concept of a
Iilltl•-[: lu, ;t1 t I oi l distanue front the object, as, The apparent and inherent background radiances are
lot exanilte, it) denoting the Inherent radtaiut of a related by the expression

'he. 'll u gh• lipts hilt-jilyI0 lhe objUe t, thus the
pie-qubscript b reiefs to bacltkround, and t to object 0', (z,O,) = T,(,O,4( ) ,0 A(zb,On)+.V,*(z,O,0*) (4)

or visual .arget. 'thus, tha (loomoclietn1llltl i inhefei
spectra! radiahice of an object t at altiltlup di 110 O1Ict41tl Theorems
itnOle i aherftoll (11A) ob s'[141,0,d ) anld Ilie cStlti,)at Cubtracting Eq (4) from Eq (1) yields the relationapparell radlalL~e obsr!-.,".et III 11Wt dltecilhn (0,6,) at

at•y other altituide ; is w-, (s!f,#)Wwhre sc = z+r rosO A [EX,(z,O,) - 0,)]
pr,st.supersrri *, or post-suhbt riit * is employed as a=,

titi nitllic , hmboi sigliffl"Jllt i Jl IhI, tad llo t lhi -1""t, ;, I
qualiflly has beeni generated by the s attering of ambl- Thus, radiance difterences are transmitted along iii-
1ll Ih.hl rpr',-hing the path from all direlions. Thus dlined paths with the same atteinltion as that vl'peri-

, is the l cti ml path radiance oli;erved at wllt d by each ir•ite-fol ming ray.
altitude z in the indicated directi on, and (NVz,O,0) Ih If Eq. (5) is divided by the tjit )prult rpdi,,r,' ,of die
HIER III 1pilile p,.lt fomitihtl, a fjlintf ly diflned l4ter background bA',(z,,&6) and combined iwith Eq. (3), flip
in this pltet. result can be written:

'1'htp (nlonochroinntlo appaotil qjittid taditfuir, of
.ny distaIt object t Is C,(3,0,o)

SB Vn(Rfl4O,)/ft, .:, ,- &A'o(z,,o,4),)'•.'V(z.o,4)J. (bi
'A"r(,O,•m l"('ff,8i*.(Z,€ (.1.f,4 ), (Ii

When the inherent radiance of the backigound Is
it Il Ic th11 fiI4.4 , t ern' the rilght is the resitlial ijioa e- cty ditl., i.; fi ht fli .tI 16 fi tt ;II iIhiNi at. hl ih altIltlde,
formIng light from the object iind 1ih s6t01,l IC-1i1 is 10 ilh to did liatltl fit fl Ip h rorkei on the rhi~t side of
patl, trdllt'.'t hlilt lo scattering prrnrpse thriughout Etl (() may be llegligible,
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.Conmbining Eqs. (2) and (6') ) jelds the eKpression p

n
=T, (Z,0,0) b VO (Ze,O)/6 X, (0,0,) - (7) % .

The right-hand member of Eq. (7) is an expression for z
thc '.ontrast transmittance of the path of sight; it isA
independent of the optical p)rop~erties of the object,.A
L'quation (7) is the law of contrast redluction by thek

at ios ihre -~ rese'. initsmos geera fom 2Fine. 2. Illustrating the derivation of thle equation of transfer.atmsphree~pessd n is mstgenralfom.'Azis dctined as zj-22. so that ilr= Az secB is always non-negative.
Ani interesting variant of E'q. (7) formied by combina- The difference AN(izAO) between output and input is N(z2nB,0)

tion %.itlh Eq. (4) is the following ex~pression in which -N(zi, , ).
coittra~l trantuittiance is chara terized in terms of path
rad.iance and inherent ba~kground radiance: the lighting on the segment due to its surroundings; it

('~z,,~,~u~zO') ~(8) can be operationally defined in terms of the (limiting)
ratio of the p~ath radiance associated with a short path

The apparent ind.eternminateness of EqIs. (7) and (8) to thepath length by the relation V* (z,6,5) =z Iinm(Ar-.O)
%%-)ell applied to the case of objects outside the atmos- XNar*(z,0,0)/Ar. In experimental practice, the path
lphere canl be a-voided by the use of the limiting form of length Ar should be sufficiently short that no change in
Eq. (6), as follows: the ratio can be dectectedl if Ar is made shorter. Ap-

()paratus for path function rneasuremewt has been built
C, (ZA'i) = T, (Z,0,0) gNO (Z1.,0,)/ 6 V, (Z,0,0), () and will be described elsewhere.

It should be emphasized that Eqs. (1) through (9) The loss in image-formirg light due to attenuation
are conipletely general; they appily rigorously to any by s~attering and absorption within any path segment
path of sight regardless of the extent to N~hi'.h the is piropiortional to tile amount of imrage-forming light
scattering and. absorbing p~rop~erties of thc atmosphere p~resent; the coeflh ient of prop~ortionality will be
or the distributions of lighting exhibit nonuniformities w ritten in the recip~rocal form 1 L),and L(z) will be
fromt point to point. No theoretical modlel of the atmo() referred to as the attenuation length. L(z) is a function
phere is involv-ed and no restri live assumiptions hav-e of po,,iiion %k.ithin thle path of sight; it does not depend

beeni made. The eqluations canl be usedl in treating aull 0Poll thle image transmission (lirection unless thle aero-
real atmosphieres and all real lighting .onditions. TIhis so] is aniaotropi , as sometimes o'.'urs in the case of
is in sharp di.qls~tincin to treatments of thle sub~ject falling snow; it is indlepend.ent of the manner in %%hic.h

whi'.h are based upon theoretical modlels of the atmos- the .paith segmen It is lighted by the sunt or sky; it is a

*pliere A~hich inaial involve major as-unipltions sut it lilii'.al piroJperty' of thle atmosphere alone. Attenuation
* a I irzot nvaialyin'. ludes loss of Iimage-forming radiance by absorption

ashrzna nifo rmi ty,' exponential Ilapse rate of air an w~.atrn.Asrto efestln hro
'.ensitv, vertic.al uniformity of lpartuitl siz.e (list ribution, l(bysatrn.Aopinrersoaythm-
negligible earth (urvature, ek. dynaimically irrev-ersible transformation of mono'. ro-

miat ie rad.ia nt energy, in'. luding, primarilv, conversion
of light into heat but also fluores'.eiice phenomena,

tEquation of Transfer photo'. heniica! pr,.,esses, cIc. At tenuat ion by s'.at tering

lmage-forming light is lost by s'..t terin ig *o2 bsorp result,; fromt any diange of dire'. ion sutli'. ent to cause
* ~ ~~~~~ t i'0 nc I c'ri ysginto h a ifsg thle railiatlion to fall out side t he sumna t ive radlius of the

andl ci inra t -re'. low g pa:ithI radi ian'.c k general'..' by~*dtcto oac
lie si '.1 crinig ofifile ambient li~ght 'h.h' irca'.e the~ l In any. path segment of length %r=.1.-sec0, as

segentfro IIilie'.lios. he uai! idt ve 1e2i rp- illustrated by Fig 2, the ilifferen~c A V (:,0,4)) between

tion of this scattered component of pat h--egmnent raili- output and input radliance is attributabet agi
ance inv'okes a quantlity called the path fu'.u tion and term V(,,)rand a loss term V(.z,O,UA, L(.-), so
dlenoted by tile symbol u5 zO~,~lierv the ninemioni'. that A1 V(z,8,q5) = V*(,OA-A(,,)r~) This

* subs'. ript symbol , is usvd both to suggeSt light reaching relation may be rewritten
thie path seginient from) all dire'.tions and tto denote that A,\ (z,O*,&Az seco~=X.V (-,0,4P) -XN (Z,0,0 'L(z). (10)
the quantity is a point function. The parenitheti'. :i

uo1 i~le dizO 1Wiol.l of i ~ ~.~~i'lp.i' In coniformhity i'.idb usarge ill ote lel'.s of physics
t~e r-Ils~lss~n 1d 11-1 tle q. 10)wil btrefrre toas the incremnettal form of

location of thle segmLint in thle- path of sight. The path thle equation of transfer. It is iml);i'.it itt this eqluation
funi Jinn depends upon the directiotial distribution (it that Az mnust be taken suffitiently small so that over

2 Ptuation (71 is a generalizatiion 'f F',. (15) inf P 183 of this interval L(z) and .V*(z,0,0& may. egie as
S Q tDuntley, 3. Opit. Soc. Amn. 38, 179 (11948). constants within the p~recision of experimental data.
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a
P Equation (10) is a steady-state equation of continuity,' When the path of sight is horizontal and optically
P
e based upon the conservation of energy principle; it uniform both in terms of the composition of the aero~sol

n refers only to nonemnitting atmospheres, sinme an achli- and its lighting, the equilibrium radiance is identical
d tional term would lbe needled to represent emission of with the apparent radiance of the horizon. The apparent

*radiation in the path, as by fluoirescence, recombhination radiance of distant objects inherently more radiant
X thenomena, p)article excitation, etc. Self -rad iosi ty than the equilibrium value decreases toward the equi-
AA .- hin the visible spectrum appears to be of negligible librium radiance as an asymptote; conversely the

-npraein the troposphere. Equations (I) and1 (4) apparent madiance of any dark distant object approaches
a~s ybercare~ as integral forms of the cquation of the same- asymptote.

7h( ecuation of transfer and the concepts, of attenua- Equilibrium Contrast
tior- lengin and path function share the same generality
"'F '11L cr. pts ai;smtiatedl %%ith Eqý, (1t through (1). Many of the foregoing equations can be rewritten

No theorc-_ al mnodel atmosp~here has been (i1n1,l0y(`'( in terms of equilibrium conlrast, C,(z,6,(P), which is
each of the cquai ions in this paper is applicable to all defined by the relation
real isotropic atmospheres, all lighting tonditions-, andi C5 (ZO,0) [, V(ZO,1) -. '0('0,) ] /'Nq(z,O,.O). (13)
ill paths of sight T'he use of the equation of transfer inl

numerical summation pro~ edures involving exlperi- Notation of the typ)e del*ned by Eq. (13) enables the
mental data -,%ill be illustrated in a later section of this equation of transfer (10) to be written
pap~er. Only when Eq. (10) is simulated by a differential
equation anld dn analytic integration performedl does AC(,,)'zsecO= -C(,,)'~) (14)
the introdluction -)f at theoretic~il model for the atmos- or
phere become nee-ssar'; this ý61i not be done in the AC5 z,0,0)1Q(~,,0,0)= -Az secB;'L(:), (15)
present paper.

provided that the equilibrium radiance N,(z,O,0& is con-
Equilibrium Radiance stant on the segment of path under discussion. ia this

Many image transmission phenomena are most case the fractional change in equilibrium contrast
clearly understandable in terms of the concept of depends only upon the ratio of the length of the path
equilibrium radiance. This concept is a natural conse- segment to the attenuation length. trhe negative signs
quence of the equation of transfer, which indicates throughout Eqs. (14) and (15) signify that equilibrium
that some unique equilibrium radiance .V(,,)must contrast decreases in absolute magnitude in the segment.
exist at each point such that the loss of radiance within

- the path segment is balanced by the gain, i.e., A.V' 2(z,0,0) EXPERIMENTAL METHODS
0. Thus

K = V~(z6~)- V~zO,)/~zso that Introduction

V5(zG4~)*(z,,4~)~z) 11) The apparent radiance oi any distant object can be
comp~uted by means of Eq. (1) if the transmittance of

and the equation of transfer (10) may be rewritten as the path of sight and the path radiance arc calkulated
follows. from experimental data. This can be done from profiles

(1)of attenuation length and path function for the path
AN~zO,~,i~ se6=[.5(zO,&X~ze,~)/L~). 12)of sight by means of the relations

Equation (11) shows that each segment of every
path of sight has associated with it an equilibrium
radiance, and Eq. (12) states that the average space T7 z9)[n)/zeJfixp-rLz)
rate of change in image-forming radiance caused by the
path segment is in suth a direction as to cause the
output riu~tljr t,,~( herlose to t he eq1uilib~rium radiam e = [ndz) /n(:,)]2 exp( --ArE I /L(z,)) (16)
than is the iniput radiance. This segmient-by-!wguieiit
convergence of the apparent radlianice of the ubje( t to atd
the dynamic equilibrifum radiaru e ib illustrated by the A
data in Fig 6 of this paper N,* (z,0,.0) = T,,(z,O,0)X'* (z,,O,O), (17)

I The e~quation of transti~ huis bccn grIvrall7ed i'i thie t rwai'riv
case, arid r~gorouisly ili rkril ffir #in arbil: air optical niedjuitin 1
usinf tht cncelpts of measuic jhicory ft t'Firr'fr .1 heetevriahigtz-zI of the path is ilixikdc

mat , a Icfoundat ion for raint traseJurnlo them Doctoalintethsnet.r=(-1), =1... mlet; t r aitv riae ho;lotrlinto m equal segments of length A.-, and Ar=4iz seL0.
dissertition, U.C.l.A ,May 105jif. An exposition of this thcory .~ad ~ detema dusifI idA

Soli fAmerica. i h t eaet , i )r =1
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Attenuation Profile LUMINANCE (FOOT LAMSERTS) Bq(Z,92,O)
20,OOP

An expierimeintal technique for measuring the vertical e
p~rofile of attenuation lengtln in horizontally uniform *=O n
atmospheres has been dlevised around1 an air-lborne 16,0O j
version of ait instrument based upon p rin( iJ1es deC- B*IZX2,O) 8 A LZ,9,01 W

scribed earlicr.4.5 Figure .3 shows this at tenuation meter ),O
mountetd onl the 13-29 aircraft used by the Visibility I2.ooo A
Laboratory in its flight research program. The optical IQO

2, 

O'Z9i-0
sytmis shown diagram mat icalIly in Fig. 4. T[he for- W AOCE A4N

PATH FUNCTION (FOOT LAMBEIRTS,!MILE)

.SARFR E5 I 2 5 10 20 5Ci 100

LIZ) ATTENUATION LENGTH (MILES)
FIG. 5. Neasured profiles of path function and attenuation

length over the Atlantic Ocean off the coast 01 Florida. March 10,
1956 Flight 77 Sun position zenith angle=48', azimuth- 1400
Clock%%ise from true north Path function zenith angle 0=92";
a7?iiut'i 6=00 froni the plane of the( sun Sky condition- cloudless,
blue Nppro-uimately 36 hr after the passage of a major front.

- Very light ground haze with to)) at 4000 ft. The profile of equi-
librium luminance A as computed by means of Eq. (11).

FIG. 3. Specially instrumented 13-24) aircraft used to collect
the data presented in this pap-r The long cylind rica) apparatus
on tiip 0 the fuselage is the atte,:uation wete., shia n schemoatically ward telephotometer is (directed toward the horizon
in Fig 4 The smailler cylindrieal dc'.ice a h ich aippeairs, slight ly
for%%ard of the attenuatim, meter is the s.' (ai irig te jihi;. andl measures the equilibrium radiance of the horizontal
tometer. It consists of an end-on type moultiplier jihototutie path of sight in the direction of flight of the aircraft.
mountedl at the focal point oif a paraibiho f rmit-surface.l mirror The rear telephotometer measures the radiance of a
121in iliam Scanining is .o e opllished anjYi~t ioucall hIN-i mans of a o ntti snmrclyeult h
turret irll( trunion moiunting , canning 11111 [,r thle entire heini- path ountlength;tiisnmrclyeuloth
sphere is 9t 'cc Ii it Id f %it%% adijootile h' mevans of int-r- path funy tiol. The attenuation length is the ratio of

ch~ng .I c ie) tips aasi t I r 5in anglg irdi tooter in thle the equilibrium radiance to the pathI function, as shown
caisi if the 0a,it sho%%n in I ig. 0, Sensiti%. dv r; snilicient toi mail
es en the ldirke.4 higha.ltitu It ingigt Si pi ral re.-pinse 1 by Eq. (11). Reiording piotent iometers x' ithin the air-
controlled lby ahisorptimn htilers X inilhtr ilnoir-.ioigI craft record the outputs of both telephotometers as
telephiotniimtcr is mohunted beneath the aircraft but is not shioim i well as their ratio.
by thus photograiph. Despite the use of multiplier phototubes, the low

-- ~level of radiance ptrodluceid by scattering processes in
T ~ . clear high altitude air precluded the use of narrow-band

-~~ interference or absorption filters in the airborneattenua-
to mee.Because it %%as not possible to measureth

~ 0~PL0C~ispet.tral radiances calle'd for by the eqluations given in
this paper, each phototube N~as tarefully 'orrected by
means of s11(1ially coinstructedl absorption filters to
measure luminous; quantities. For reasons of rigor the

- equations in this paper are written %%ith the symbol N,
Fi,4Schematic dia gra n 1i 4 hii re a.1wr ittenua tion meter denot ing spectral ra(lia n e, but it "ill be undlerstood

I'hl( firar anphi I lelm rkii e tilcph o-iccr nieasii res lth cm ui. tha t t i se samen equa lions have been used ý%it h N re-
libriuin raia nie, thle rea r I liil' ieraileau ts le raidiance plaed 1 mv 1, dlenoinitg luminian e , in hl, t rea tment of
of a path of unit lengthi The litter radmiaince i, nii~ncrina~ i olt eitii tii edt hw ii 5truhSthe horizon tat pathI fuoiw i in ti Ihe diireiti~n oif It icit .1 ýult ielir thil i rtre1.tasow iiFg.5ti ouh
jihotmt iilis a iii Sn%-- etylvii Igarinitni t irtiiil enab le direct D u rtii thle fi-i iht fo r % iiich dat a is given in this
recrdinitg iif thr raiim -f i lies radmiaince-, i c. of the alienuiatumm 1
length [see L~qil (111 Windl tiiinnel tesis of the( aermmilnainiic Paper. thle airt raft mnaintaineid a tonstant (souther~ly)
design shma .m aiii biii p resgiin t hroiighiout tilie unit pa~th igiht heading andI a fi xed at fit ud %% hih Iiheld the at tenuat ion
trap desigii, sI rai light I reatoo-nlI. tl.i iii)iiitocelrij I ennSt'isiliity' meter pointedi at ilit' desired port ionI of tile horiz'on sky
are sufficieiit toi enablei riiea'iremient ti ,ittenuiatiiii leiigths. upl to
200 nautical mil w~ vhen thle pilt ,Inb ile spectralI sensiti'.it y is N% hifIt ma king a contlrolledi , rapIid I (es( en 1 from 18 00X0 ft
rendered photmipic biy niiians of alismirptiill li-ters, to 1(XX) ft att a rate of approxiimately 15(9) ft per min.

S Q ~untry U. l'len Nm ,Wr~tiSO.The resulting profiles of paith function, equilibrium
1 S. Q. Dunitley, J Opt. Soc. Am 39, WoJA (1949). luminlan~c, ain(] attenuation length are shown in Fig. 3.
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P It will I ICnot(' Itha,1t theljiC l ibr lumnme (hlorizo~n LUJMI NANCE (FOOT LAMBERTS) B (Z. 0, 0)
P hui ninance) was niearly independlent of alt itude. We- MOO ofq
e pea Ied d esce Its have.( dvnionst rat e that the mahjo r IOOO_

d ~~detail, oif t hese curvt-s are repeatable. q
TheitIrainsmit ta nce of anx' in linled pat h of sight I1%0O0 Bz.O*0) Bq(Z,0 Uzi L7Z

xhaving terminal altitudIes between 1(XX) and 18 (MX) ft 1.0

can be C~cut1( a t ed from thw a ttenuatio~ n prlr( i c in Fig. 5 1
A by means, (If equations colrresponding to Eq. (10).6j100

14IQ000
Path Function Profiles L

The aircraft is not equipped for the dire( t measure- t CA
nient of patht funict ions for ve'rt ita anImd iilkIilled p athis 6,00

of sight It is cap~able, however, of nitasuring the radi- 4,r'-.
ance of the sky in any (lire(t ion, above or beloWdring B C, (.0. 0) TLM
flight. A photoelectric telephotometer :s located in a 20 LT FNCIN . o

trunion mounting onl top ,)f the fuselage near the for- 2? t *PO~

ward endl of thle attenuation meter, as shown inl Fig. 3, LIZ 100IAIO EGH MLS

T]his instrument performs an automatic scan of tile
entire sky above the aircraft in approximately WX set. I'1. 7. Calculated profiles of vertical path function and vertical

Anoter elehotonetr i a I~e~ vetica mont ro-equilibrium luminance, Flight 77. The profile of attenuation length
Anoter elepotoete in fied vrtial ountpro I- identical with that in Fig. 5.

vides a continuous recordl of the radiance of the zenith
during the controlled rap~id descent described in the
preceding section. A corresponding pair of telepho- Figure 7 shows the result of such a calculation for the
tometers is mounted on the bottom of the fuselage, vertical path of sight %% hi( It orrcslhflids wit h the zenith
Figure 6 sho%%s zenith luminance data secured by thc luminance 1)rotlile g .-n in F'ig. 0.
fixed telephotometer during the same descent to which

Fg5aple.Similar profiles of sky luminance for any Equilibrium Radiance Profiles
upward path of sight inclined at ang~les 0, 0 Lan be con-
structed from the record of the sky-scanning tele- An expresion for the equilib~rium radiance for each

photmetr, hic isdesgnedto e oeraed on-element of any path of sight (,an be found by combining

tinuously during the descent. Eqs. (11) an(I (18) as fol lo%%s:

The profile of the path function for any path of sight (9
can be caltulated from the sky radliance profile and the N(,,) ~)~VzO~ ZsO+(0~.(9

- attenuation p~rofile by means of Eq. (10) after re- Figure 6 shows the result (If the use of Eq. (19) for
arrngeentas ollws:a calculation of the equiliblrium luminance lprofle for

.V*zB~)=V~z0,~/Azsec+X(,0,)/Lz).(18) the upwardI vertical path oif sight; the same profile
appears in Fig. 7.

;8,0CC In every case the radiance of the sky V(z,0,4)) as

BLC EIHWIEobserved from anyix altitude ý-is h ahraineg26,000- BLC EIT HT EQUILIBRIUMzistephraaneg--OBJECT\ SKY OBJECT I LUMINANCE- crated by the portion oIf thec path above the observer.
24,000- That is, %%sO~=V*(,.tvhere 0<0<7/2. B~e-

22, cause V(z,,0,)=0 outside the atmosphere (except for
1000 light from the stars) aind V(z,0,40>f within, it follows

IQOOO-from Eq. (19) that the equilibrium radiance ex.ceedIs
W ,o the apparent radliantne of the ( lear sky anid, therefore,

the measured radiance of at clear sky in~reizses as the
6'o 6, photometer (les(end(1.

4.0O - When clouds are present or When the image trans-
ocl 19001---- mission dlirection is uI)Wardl, the apparent radiance

FEET~
2.00C j

OCEAN ~--- reacning any particular path ,egment may exceed the
eciuj, . libriumi rad~ianc e for that segment, so that a (de,

9D 0 0S0 0 9 ~~Creame of aplparent radiante iN possible. In such cases it

LUIANE rO- LAMERT q 0 often happens that the apIparent radlianice of highly
LUMINNCErOOT LAMERTSradliant obje ts dec reaseb while that of objet ts of small

FIG. 6. Measured pr'htie of the luminiance of the zenith sky). iihro aiin itrac llut rative data for upwardl-
nlight 77 CalculatedI proldes of the appartnt luminanre of bdack transmtittling pa i s of sight are plahnnedh for presntatioll
and % hite objects at ISM0) ft Caklatuld~ profile of vertical equ
libriumn lurniinancc. ill a subsequent pap~er,
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Profiles of Apparent Object Luminance PATH FUNCTION Bit(Z. 92,o) (FOOT LAMBERTS/ MILE) 0
2.013050 100 2?C. 500 p

I 'rIoti lt of the app arent lumininance (If any specific r-" 0 4 8 2 16 2

obje I an be calculated for a iy path of sight provided n~EATR
thait the inherent luminiance (if ,he oIbje( in the direc- (,2 d

12.OOo -
tion of interest is known. Two such prl~ofiles aplicar in LTEMPERATUR
Fig 0;, t heN refer to) hyplothet ical ''bla(kJ' and "white" 1j \--0-

o~bjectIs, resp~ectively, lo~cate'd ~it I fixed aititude of A
IS NO0( ft and viewved from Ilirectiv belowv on the occasion tOCEAN
I to lilt I tile dat a ill t Iiis iaper appl~ies. The profiles ,O CA

wert (:Itu latcl lby nicans of Eq. (1). Alternatively, t
they ((11111 have been generated step-wise by successive In
appllicatioln, oif either Eql. (l0) or Eq. (1?). The com, 400MIROOVC
ple\ity which chiaracterizes, the attenuation, path func- - GHT REFRACTVE UU

titin, andl equilibrium luminance profiles is scarcely P10, HAZE
nioticeable in) these %ertical protiles of apparent object
luminaniilce. In the c-aqe (If paths of sight inclined at 0 202020 20 8 0 2 4
large zenithi angle-,, however, the object !uniinance MICROWAVE REFRACTIVE MODULUS ft-0l x 106
p~rofiles exhibit the complexities due to ztmnospheric' Fic. 9. Profites of micro%%avc refractive modtulus, p~ath function,
structure much more pirominently. anlt free air temperature Flight 77 Correlations between the

profiles of microwave refractive mlodulus anti path function can
Profiles of Apparent Contrast tIe noted

Figure 8 show,. profiles oIf apparenit object contrast Ibe horizontal strata of great extent whi th characteriz:e
generated by meneos of Eq. (3) from the apparent *
luminance profiles ill Fig-. 6. T[he same p~rofiles (ouldl the air mass. Such strata must also be observo'be in

havebee geeratd b us of he q. 7).terms of nonioptical meteorohlgdtal p~henomfena. Initial
havebee genrliell w ue ofthe~ ~attempts to discover correlatior.ý \%ith the temperature

METEOROLOGICAL CORRELATIONS and humidity profiles produced routinely by the meteor-
Tilecomlex rofles f atvimtio lenth nd pth llogical services from radiosonde observations met with

fnthen camlll' rotIl e ofe atesuation shrly engthe layersit failure, 'This wtas attributed to the long time constant
funtio ca ony b th reultof harly efied iyes Isociatedl %%ith the humidity sensing elements carriedl

of scattering particlez. Repeated descents have demon- liv the balloons.. It \iias believed necessary to measure
strated that the major features of the lprofiles are repro- thec humidity profile (luring the controlled rap~id descent
ducibte in space and time; the layeis must, therefore, oif the 11-29 %%ith equip)ment hatving I fractional second

. . . .. .. .tinie coihstant in orde'r to ret ord faithfully the presence
of strata only a few feet in thikkness. This %%ats ac-
tomplishied by mean.- of an airbornoe microwave

16 refractorreter6 of the type dlescribed by Crain and
BLACK I WHITE Deam.1 The microwave'refractivt- index recorded by

14DOO - BET IOJC this instrurni" t is governed prinaiitly by the water
vapor coiu entration in the atmosphere; it is related to

QZ rjIO - rsue tenilerat tire, and the p~artial piressure of itater
II vilpor by an equation (derived! by Debve and( discussed

18,000 by liv rltl('r( us a1uthors in connect ion with microwave~ 10.000 IFFET P~ropagation 1 An expressionl fo r the palrtial pressure oif

W watutt obtained from the usual microvt ave ap-
D --- proxinl.t ion of Debye's equation is:

0 OC EAN
_5(mtrlwave refraictiv.e modulutlls (Kelvin tenil).

(77. 6) (48 101

VOID- _ (total lpress;ure)(Kelvinl temp).)
4810)

I -'theaut hrs are lIndetedl (to \I. 'TIlimns 01( 1-(.t . tDirector of
Ranlge Dti)c t-'Ipment, Patrick \it I 'wec tl.ia(. for su~ggesting the
use of t he microt, a'~e refract muitt r anll I Ior .Irrdllginlz fr the

-1 0 41 +2 asailabiittiy of Ihi- ('p ipnwnt l.'T t he flilght IctI('rourntIv ecriftlt'
APPARENT CONTRAST inl t~ls plaper

7C. M (*rain and \t 11 tDea.u Rvi. St i lInsr 23, 149 1 PWI3
Fir- 8. Calculated pr(I('I's of thleaplt;artnt contrast of black and 8E K. Smnith. Jr . and1, S I, vlOtrauhl. J, R('sedr 1 Nalt Bur

white objects.-at IS 000 ft. Flight 77. Standanrds 5O, 39 0t933).
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PATH FUNCTION 8,(Z,92.0 ) tFOOT LAMBERTS/MILE) light water vapor exhibits virtually no absorption and

2C o 3 o 5o o it con tril)u ted o n ly m ole(u la r sca ttering , th e m ag n itu d e
e 14,000-]of whi It is too small to be responsible for the observed

•4,oo< 
I-•--REF 

.A
FR•(z,92, 0 TEMPERATURE j effects. The atmosphere invariably contains, however,

,T'A - sus peciiled material such ;as sea-salt ions, silica, am-
.T.MPEP .. j.. -\-N\-- monia, or oxides of nitrogen and sulfur which can form

Ao.- •P 7 "" . condensation nuclei for water droplets. A tenuous haze
C EAN of these tiny droplets will form in any stratum having a

! , 8 C .. [. " water vapor content above some critical minimum.
,,These droplets will grow until the vapor pressure just

: .......... outside the curved surface of the drop equals the partial
............ pressure of water vapor in the surrounding air.9 Liquid

LIH droplets ranging from 4X 10-7 to more than 1O-1 cmLIGHT HAZE are known to be present in the atmosphere." In the

case of spherical water droplets small in diameter com-

S...... ...... ' 'pared w ith a w avelength of light that com ponent of
TEMPERATURE 'C the scattering coefficient which is due to droplets

Fia. 10. Profile of dew point temperature calculated by means increases as the sixth power of their diameter," assum-
of Debye's equation from the profile of microwave refractive ing the number of droplets per unit of volume to remain
modulus in Fig. 9. Profiles of path function and free air tempera- fixed. In view of this, the observed correlation between
ture are identical with those in Fig. 9. Correlations between pro- the path function and the humidity within tenuous haze
files of dew point temperature and path function are obvious.

layers appears to be understandable.

In this equation e is in millibars, the Kelvin tempera- ACKNOWLEDGMENTS
ture is of the stratum, the total pressure is in millibars, The number of individuals involved in an experi-
and the micrtrware reJraelire modulus of the stratum for Tenme fidvdasivle na xei
micowae s is a d efined byt he expressio n the stra) m or mental program of the complexity, scope, and duration

where oas is he refractive index of the stratum. of the flight research partialty described by this paper

An Air Force C-131 equipped with a microwave is too great to be listed proper , here. Special mention

refractometer flew in formation with the B-29 through- should be made, however, of the technical contributions

out the descent during which the optical data reported of Brig. Gen. Victor A. Byrnes, USAF, through whose

"in this paper was secured. The resulting profile of efforts the program was initiated: Lt. Col. George E.
microwave refractive modulus is shown in Fig. 9. The Long, USAF; Major Joseph X. Brennan, USAF; and
r ofile of h otl path function from F i. also research p;1ot Capt. Robert L. Baron, USAF. Im portantp pears o f horizontal path gof rom pai son, contribuliorts to the detailed design of the apparatusappears in Fig. 9 for purposes of comparison. were made by John M. Hood, Roswell W. Austin,
Debye's equation was used to calculate a humidity W. Joseph Woodside, Thomas H. Glenn, Romuald

profile from the microwave data. This profile, expressed Anthony, Merri D. Hobt, and David J. A. Hooton.
in terms of dew-point temperature, is given in Fig. 10.
The close correlation between humidity and path func- , W. E. K. Middleton, Vision through the Atmosphere (Toronto
tion is obvious. Press, Toronto, 1952), Chap. 3.

C.Junge, Nuclei of Atmospheric Cossdcnsaliox, CompendiumnThe following speculations on the reasons for the of Meteorology (American Society for Metals. Cleveland, 1951).observed correlation are offered: In terms of visible " Lord Rayleigh, Proc. Roy. Soc. (London) A90, 219 (1914).
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II
I. Introduction

Seibert Q. Duntley

d

Man's ability to see objects through the atmosphere, directly and with the aid of magnifying and.filtering X

underwater, or in space by naked eye or with the aid (levices but without the aid of intervening se•n•or sys-
of magnifying and filtering devices is limitid by the tems, such as photography, television, image .atensi-
availability of light, its distribution on the object of fier-, infrared devices, electrome displays, ete. Exten-
regard and its background, the reflective properties of sion of the uise of the term vLsibility to include the
both, the image transmission characteristics of the performance of the human visual system when aided
intervening media, the properties of any magnifying by such sensors can be made, but will not be attempted
and filtering optical devices employed, and the charac- in this article.
teristics of the human visual system. For at least The limiting performamiec of the human visual system
half a century answers have been sought to questions to detect and recognize distant objects can be pre-
such as the following: ('an some particular object of dicetd by engineering-type calculations, provided
interest be seen? How far can it be secn? How adequate input information is available. This form
dark may twilight become before the object will be of optical engineering has be;,n severely handicapped,
lost to vi( ,v? How rapidly can it move and yet be however, by a greater lack of applicable data than has
visible? What is tue effect of object color? Will been generally appreciated. It is a purpose of this
filters help? How much magnification is necessary article to illustrate by example the types of information
to make the object visible at a given distance? What that are needed and to supply a more complete working
is the optimum procedure for visual search? What is sample than has heretofore appeared. Every effort.
the probability of success in sighting the object searched has been made to exclude from the paper all previously
for? Under what circumstances can it be recognized? published fact.3 and concepts insofar a•s this can be

* Is visual identification possible? How is visual per- done without sacrificing viewpoint and clarity. Con-
formance affected by fatigue, discomfort, distraction, cise summaries of certain vital concepts and principles
apprehension, motivation, and kindred factors? are included throughout the account, but the authors

Methods for generating answers to such questions have depended heavily upon references and the willing-
have cme into being, particularly during the last ness of the reader to use them. If, in a few instances,
twenty years. Specialists in generating these answers paragraphs which summarize known principles or
refer to their subject as risibility and regard it as a facts seem to go somewhat beyond this criterion, it is
professional specialty within optics. They are, how- because of the belief that the need for such a summary
ever. not alone in the use of the word; meteorologists exists.
have long used the term visibility as a met'eorological The authors of this article have shared with many
parameter, highly restricted in its meaning and greatly colleagues throughout the world in the development
limited in its applicability. The word visibility has of visibility as a science and as an engineering pro-
also been used by designers of windows in aircraft, cedure. The paper is intended to provide an over-
automobiles, and even buildingz to denote the field of all view of some applied aspectc of this subject. Suffi-
view which these apertures provide. l)espite the cient input data have been included to enable certain
universal wish of ,cientists and enginees for every sample visibility calculations to be carried out by
word to have but a single technical rieaning, it seenms those who wish to explore this branch (,f optical
likely that the tery- visibility wil: continue to be engineering, but a full professional treatment of the
ambiguous thr(,ugb- 'he foreseeable future. Authors subject would require a Nook-length treatise. In
and readers must dk 'nend upon con1ext to make clear order to achieve broad coverage and yet adequate
the school of thought to which the word is applied in technical depth in a compact feature article, it has
each instance. Throughout the remainder of this been deemed best to call upon an integrated team of
article, visibility will not be used i. its meteorological specialists to produce a unified presentation with each
or architectural connotations, but only to denote the individual contributing in his specialty. Each major
human capability to (detect, recognize, and identify section of the present paper, therefore, bears the name
objects by means of the human visuai mechanism used of the specialist who prepared it.
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H. $sjpfflaay ivvi 1) 'l v all obs erver With Itle stll at hIls olick. 1-vveo
a ,s is illu.,*,i,.atd bh% Ig. 2.1. Stow covered tev rains,,

PS i e t Q u t e nearhl" m atte ill "'h eir apliear' live w hen th e sn ow, is
e fre.l.Iy fallen, devehlop gis,; upo,.aging and parti.uhlarly
n whe.n th,,v are aist-e~uhd (A Iiddletoll, l1)52). Snim y

•terraijis eolitaiiinig outeroppil•gs of vegetation may

C(alculations of tle lifnitig performllance of tile exhibit a form of back gloss due to the shadows pro-
lunian visual systems are based upon the separate dueed by this vegetation. wheH,\'er these interruptions

R properties of all of the physical components which, in tile snow surface, are um'1rs•lved.

taken together, comprise a systm for the transfer laini-made surfaces, such as paints, pavements, or
oinformation from the object to the observer's coil- roofs, vary \\ idely il mantte"'oss but they seldom exhibit

sciousness iby way of the visual path\any. Thus, back gloss. Their gloss charact(.ristics are usually of
light reflected or e,,,erated by the object forns a body the "n'nnal" form, illustrated by the data for a sample
of inage-forming flux which, after transmission by of matte brown paint il l"ig. 2.1. Typically, therefore,
the intervening media, forms a retinal image which, man-made surfaces which match natural terrains when
in turn, is transmittA-d to the brain and perceived hy viewed vertically under medium or low sun conditions
the observer. In like fashion, the background against appear brighter than the terrain when viewed toward

which the object is seen generates flux from a different the azimuth of the sun out dla-ker than the terrain
part of object space, and this signal follows a corre- when the sun is behind thc observer.
sponding path to the perceptual level of the observer.
Discrimination of the object from its background Spectral Effects

depends upan the thresholds of the human visual The reflectance charact(,ristics of many natural
system. terrains vary markedly with wavelength, Inter-

Prediction of the limiting human visual capability reflections between textural elements tend to intensify
to detect any specific object begins, therefore, with spectral reflectance effects; thus, as shown by Fig.
the optical properties of that object and of its back- 2.2, the sptc'tral apparent radiance of a maple tree
ground. These, in combination with the nature of differs markedly from that of a maple leaf (Duntley,
the incident lighting, define the inherent optical signal 1946, p. 213).
which is available in the direction of the observer. Diffuse Reflectors
Assessment of the magnitude of this inherent optical
signal is the first major step in any visibility calculation. No natural terrain and no known man-made surface
It involves a considerable knowledge of the optical is a perfect diffitse refleotor in the sense of appearing
properties of b(,th background and target as well as a equally luminous from all angles of view. A few
detailed specification of their lighting, surfaces, including freshl3 fallen snow, approximate

this condition provided the solar nc;ith angle is less
I1.1. Backgrounds than 45', but even fresh snuow exhibits marked gloss

The nature of the background against which objects characteristics when the sun approaches the hcrizon,
are 8een mast frequently depends upon whether the an extremely common condition during the snowy
path of sight is inclined downward or upward. Some season., Man-made surfaces invariably exhibit pro-
form of natural terrain may provide the ;)ackground nounced gloss characteristics, particularly when the
for objects viewed along downward-looking paths of solar zenith angle exceeds 60'. Siace large solar zenith
sight, whereas in upward-looking cases the background angles occur much more commonly than do small
is usual;y the sky or a cloud. The following discussion ones, very serious errors in visibility calculations can
of backgrounds includes these and other eases. arise from the false assumption that target or back-
Natural Terrains ground surfaces are perfect diffuse reflectors, i.e., that

they obey "Lambert's law of reflection" (O.S.A., 1953.
Natural terrains are of wide variety but they can p. 178). In See. III of this paper, data are presented

be grossly categorized as vegetated, barren. snowy. on some commonly occurring backgrounds, and tech-
and watery. Vegetated terrains, because of shadow niques for calculating the inherent contrast of objects
minimization and because of reflection from the seen against these surfaces are recommended.,
vertical components of plant surfaces (leaves, stalks,
etc.) exhibit a characteristic phenomenon often called 11.2. Objects

back gloss (Duntley, 1946) or mngative gloss (Judd, 1952. ()bjeets, or ristial targels a.,, they are often called, are
p. .303); this means that the directional reflectance of of every conceivable variety. In gene'a! they have
an unresolved vegetated surface is greatest when complex, three-dimeiisional shapes producing an in-
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-. -~ MAIT PAINT Inii t al re'sult t hat colo r (*4 nit raM.t "riilai ndy ha~c an
- N (R0WN) almost lieghgihh.b effect (\laeAdatin. 1946;) It, t 114'

~T detectability of :111 optical sigitiilI althouiigh the~y affect 0c~ ~oi~ t he ,otiefeahiiity of suprat mi '4iold ob jeds , ci 0 st itue Id'S(SROWN) yet another important siniplilieatioii of visual proper- P
y e

.0 OBEC 1 0 ge'melcrieally identical idijcrls arc cqualhj dcleelabe if

fiaepattern of highlight,. and shadows even if and IX of this paper it is demionstrated that thi:; hasic U
terreflecting characteristics are( the( samie onl all of result, a dividend (if the dlefiniition of universal contrast,
tersurfaces, a eircuiustan*ce which rarely exists, is of vital importance in visibility calculationis.

Tegloss character istics of objoct. surfaces 8sh0w ("Vel Under conditions of high (daylight.) lev'el adaptittion),
varietv thani do0 b~ackgroundI~ surfaces. Mly visual threshold properti-s are nearly invariant to

glo"'yObjct hae mrrrlie srfevstha frm irtal adaptihg luminance, are nminmal in the central V0
imags o th Stll hic ar ofen asty bigher han of the visual field (the foveal region), and increaseayportion of the biackgrounid and, vorre~poidiiigly. systematical'ly toward tit( periphery. 'Ihel smallest

aevisible at much greatvir range than any other fpe- ýdeteýctable optical signal is onle for which all of the
of surface. TIhutn, it is a common expel iecce while object flux is concentrated within a circular area only
flying to sce rivers and bodies of water in the far- slightly larger thani the anatomical dimensions of the
distance w'heni no other terrain featur-es of like siz,: ar;' foveal colic receptors .All objects of this angular
visible; this is a consequence of the large positive size or smaller, regardless oif their actual angular
contrast presented by these biodies of water owing to dimension, shope, or pattern, are eqlually detectable if
the mirrorlike reflections of the sky whieh they produce. thei;7 flux content is the same; this is known as Ricco's

In vi~rtually every instance of a man-made ob~ject law~, which -nay he written C'w ==constant for the
viewcd against a natural background, the disparate seilc.( fojcsh~igaprn .tat
gloss3 characteristics cause the object, fo undergo and subtending a solid angle w at the eye of thf 'V.ver
mnarl~ed changes in its appearance and its conspicuity but having no w~guiar dimension sufficient to e,:-ek d

wvhen viewed fromt various directions, as has beeni the Ricco domain. The angular diameter wit!., 'illustrated in Fig. 2. 1. Data for a variety of examples which flicco's law is obeyed increases somewhat as
of this sort wvill be found in See. III of this paper. adaptation luminance is diminished until, in the

Obviously, any object is ý'itfually aeteetable only 1,1 regions of twilight, moonlight, and starlight the increase
its photometric properties differ from thets? of its is rapid, reachiog 35 miin of arc at starlight levels of

bacgrond n te oser ers irection of view. What- adaptation. Since all objects, regardless of size or
ever difference does occur constitt'tes an optical shape, which tall within the range of Hicco's law are
signal. The detectability of such a signal depends
upon the properties of the sensor which, in this article. _______________

is the humian visual system. ,

11.3. Visual Propertiesso
For more thani a century, rrs(arch scieintists have

produced a voluininous literature concerning -1 U 40capability of the human visual system to detect mininml0optical signals. The discovery that the isychomettric C
function is nearly the saine for all visual aetection
tasks when the photometric nature of the object and

I its background are specified in termis of contrast 20~
(Blackwell, 1946, 1963) enabled the simplification and
collation of an encirmouc- body of experimental facts. toL
Without that simuiificatioi', visibility calculations I b/'
Nuld scarcely be practicable as an engineering pro-. 0 L.'~ I A*cedure. The further disl-Overv that the shape of an 400 500 600 700 80object is ordinarily of miner consequence compared WAVELENGTHI IN MILL'MICRONSwith the effect of its anguflar size provided an additkional Pig. 2.2. 85peetrtqldictornetric curves of a mnaple ITre (cut, e a)important simplifying approxiniation. The expert- and of a naple leaf (curve 1)),
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indistiliguishhItol if their flux content is equal, the that meteorologists idnrhhl atmo.espheric ciarity amowng
resolving power of the human visual system deteil•s the ilt,(t.et,'fhgwaii pItrai•rvi to be o rser'ed. reported.

0 uiolt adaptatioll levvl. il.(1 foreca-st., i lifortunitely, the iluete rolo.ical data
P Prpar' seldom of appreciable ust-fulhiess ill predictiung the
eP Peripheral Vision visual detectability of spvecitic :ivcts. Quite different

SMaximuni object detectability occurs within the optical properties of thw atinosphere and its lighting
rod-free central fovea undeir conditions of high-level must he known before valid predictions can be mad:.,

x (photopic) daytime adaptation conditions, but at The literature of visibility contains many examples of
twilight (mesoptic) levels, detectability is virtually attempts to calculate the needed information fromn

B uniform throughout the fovea, parafovea, and periph- models of the atmosphere and its lighting. The success

eral retina, although resolution diminishes toward of these attempts is dillicult to test or judge unless

the periphery. At low light levels, i.e., scotopic adap- measurements of real atmcwpheric and lighting con-

tation, the sensitivity of the rod-free central fovea ditions have been made for comlparison. Such data are

effectively vanishes, and the greatest sensitivity occurs difficult to acquire and are, therefore, exceccdingly

in the ring-shaped parafovea where the population of rare. Section VI of this article may be the first pub.-

rod receptors is dens. lication in a scientific journal of a sufficiently complete

set of measured atmospheric properties to enable

Visual Search valid visibility calculations applicable to a real atmo-

In daytime, optimum detectability occurs when the spheric condition to be made. Even so, the tables in

object is imaged on the foveal portion of the retina, See. VI and the related tabulations in Sec. III relate
but this circumstance does not always occur. During only to conditions which prevailed at one place on one

visual search, in fact, it is relatively improl-able that occasion. They are, moreover, incomplete, since no
the image will fall on the fovea. The probability of radiometric or spectroradiometric data are included.

success in searching some prescribed fiela of view for Clearly, a complete photometric and radiometric
an object can be computed only if detection thresholds description of the atmosphere at any one time and

'or that object in the peripheral portions of the retina place involves the measurienent and tabulation of a

are known. It is as if the eye had associated with it very large quantity of data. The need is, however,
a detectivity lobe, greatest on-axis anid falling rapidly for many such bodies of data representing many places

toward the periphery. This lobe is not a 'ixed structure at many tC.aes of day and under a variety of atmo-
but depc-.,*i markediy upon the angular size and nature spheric connitions. Such a compilation would be a

oW the cbjei., :nd upon its apparent contrast. Thus, well nigh hopeless task were it not for the capabilities
lote shape is governed by the atmosphere, by the of iarge electronic computers for which the required

dit, Ational refleetarce characteristics of both target bodies of data can be stored on magnetic tape. The
'- tckground, and by the prevailing distribution of creation of such a computer library of atmospheric

nm oral lighting; it is, therefore, different for each and lighting conditions is in prospect and will, when

path e, . and for each visual fixatior. Details of combined with corresp.mding libraries of visual data,

visual :c -. 1AL calculations in which account ip taken of object characteristics, and background information,

the chanr!u, ngtur,, of the detectivity lobe art dis- enable major visibility calculations to be carried
cussed in Sec. X of this article. through quickly, economically, and automatically.

Until sufficient data have been collected and stored
Recognition and Identification in computer format, liniited visibility calculation

The higher levels of the human visuai system qre studies wiii doubtless contimnue to be carried out by
capable of determining object type, class, awid identity. procedures like these described later in this article.
Thus, at different levels of visual performance an object The scientific background which underlies the tables

may be dedected as a shapeless spot, recognized as a ship, in Sees. III and VI of this article and the equations
classified &s a passenger liner, or identified as R.M.S. for their use has been published previously (Duntley

Queen Mary. 1lthough quantitative predictions of et al., 1957). Equation (5) on page 500 of that refer-

the limiting circumstances when the higher-level func- ence [see also Dunthly (1948a), Eq. (12), p. 182] states
tions can be performed involve more variables and that all radiance differences are transmitted by the

greater uncertainties with respect to input data. atmosphere with the same attruation as that ex-
certain approaches to problems of this class have neen perienced by each image-forming ray.. This implies
made (Harris, 1959). that no fine details are obliterated by atmospheric
11.4. Atmospheric Properties scattering pr.,cewses. Additional theory by Middleton

(1942) and experiments by Dumtley (1948a, p. 186)

The appearance of distant objects is affected so support this implication and the belief that images of

profoundly by the optical properties of the atmosphere distant objects are formed by photons which traverse
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I
I

he inteivi'i�ing ;nedi:i � it hint iieillg seat tei'etl. These �IfomplisIl(ii by dividing eiwli is\pri.�ioe by (u10'I'.
coli('epts cslli be �llniiu�irizi�l liv t lii' shiN n tran�ife � f�,t*)/�j 1� � The itorninlizeil iiiinliihtt j�ii I ransfer fiinc-
fit i i0 ii iii for :i t II ;�npt 'x I it V. t ion for 001 l5��() spat OiI fri �llii iews, dci inti i I I iy T . is, C

p
Atmospneric Modulation Transfer Function p

2'. I
In the flbSelIcC of atniosplicile boil, all nonzero = - - . (2.2)

�patial fr Izt*iwie5 are ath'ii;izited ('ljIlftIly, l)y an (�T� 4 N��/ii,� I +X�/u�7',
amount equal P the beam traiisni�ttaiwe of the '1'le symbol a�, defined by Eq. (2.1), sigiiihes the X
path of sight Isee flunticy ci al. (1957), Eq. (5�, p. average jiilierent radiance of tin' field of view. Objects B
.5001. Ihe apparent. radjaijee of the zero spatial occupying only a minor port ion of the field an(l,/or
frequency, however, is, by Eq. (4) of the same refereiice, differing but slightly in inherent radiance from their
the sum of the path radiance and the product of the surroundings have a negligible effect on a�. If the

inherent radiance and beam trausnuttatiec. These object appears against any uniform area of sufficient

concepts form the basis of a dcrivation by .lanies L. !lligular area to render negligible its Cifect iipoii a�
Harris of the modulation transfer function for atmo- fur that area,* Eq. (2.2) may be written
spheric haze, as follows: consider the inherent radiance
of a scene, such as that on the cover of this issue, to 1/(1 + N�/bNe Tv), (2.:�)
be represented by a radiance distribution Nu(a,�), where bNo is called the inherent radiance of the back-
where N denotes spectral radiance, the subscript ground against which the object appears. The pvc-
signifies zero observation distance (i.e., inherent script b on b

7
7 signifies that this modulation transfer

radiance), and a,3 are rectangular angular coordinates function for atmospheric haze applies to the specilied
at the eye of the observer. The field of view is rec- background. In this case the object is said to be
tangular and bounded by the angles - A / 2 < a < A /2 d4'cou pled from the background. Since bTr applies
and - B,"2 < � < B '2. In tei'nis of a two-dimensional iiiiiversally to any decoupled target which may appear
Fourier representation, the inherent radiance � against background b, it has been called the universal

modulation transfer function for atnwsphcric hazc;
Xo(a,�) = aoo + ��-' '�'� � 2rJ� this is the proper factor for use in the modulation

o � - o A D transfer function products used to describe the per-

2wia . __ formance of optical and photographic systems used to
+ � � b�j cos-- sin record decoupled targets.

isOj�i A B

+ � C,, � Contrast�i -o A Il Throughout the literature of visibility, the ratio of
2wja . 2wj� the radianec (or luminance) of any object decoupled

+ � � d,, Sifl�- Sill from its background to the radiance (or luminance) of
A B

its backgrounti in the direction of okervation, or some
where the primes on the first double summation function of that ratio, has been referred to as contrast.
indicate that. the terni i j = 0 has been eliminated, In this article the ratio just defi�.ed will be denoted by
�vhere p and referred to as ralin conirasf. Since any function

It � 1 � A/2 fil/2  of p also represents a form of contrast, there are,
AB 3 -A/2

3  8/2 olivioiisly, a lh�Itless innuber of possible forms, each
U The corresponding apparent radiance A'�(a,�), as of which could be named.I' - seen from observation distance r � Most of the literature of v�viuility. both psycho-

physiological n'�d ph3 sical, has made exclusive use of
0 0

= a�7', + Tr � � g(a,,,b,.,,c,,,d,,) + x;, the contrast function p - 1, because it provides im-
,..o ,-o portant advantages in both dise�plines. Fundamen-

where the double summation symbolizes the four tally, the italicized gt'iiertiliznt.ion ii, Sec. 11.3, �vhich
components shown above, provided that the be�tm klf(�rs to � - 1 or its algebraic equivalent .�B�'1?, states
transmittance 7',. � f(a,$) and the path radiance that flux increments (SR) ar& as detect4ltle is flux

� f(a,�). These assumptions are described �. decrements (- Al?). Since negative contrast (-. �B/B)
saying that T, and N; are dtnniplcd from the � can never exe'Yd 1 in absolute . �liie, whereas the
and represent measures of atmospheric effects. - -

The �ionnormalized modulation transfer fini�ition 'The area so d�'fincd. i.e., the �,ackgro,.nd, nft.eii eonstiWtes

for non�ero spatial frequencies is simply a�/", .'., and u'nW asinixil portion of the field of view. Adjacent �reaa eomprlsethe surreend of the background. The zviaptiv' �iate of the
that for the zero spatial frequency is (a5 T, *�) '�. oi�ervcr is s�,moetimes siTecteci by :i surr'mrid � hich ditTeni
Normalization to unity at zero spatial fru 1 uency is inerkedly III Itiiniriaiiee frinil th��t of liii' !i:iekgioi:nd
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magnitude of positive contrast is limitless, o)bjects de,.tecd by 12 ',. Algbmrically, this definition IS
3 lighter than their backgrounds can be vastly more equivrlent to the forin AN '(IN + 2N), a radiometrie
o detectablh than other%%ise vidtfical oljhets darker tioiwctity in! object space, but ob.ioius!y dl.scriptive
P thaii their background-'. 'lhvy.icallv, p - I is rlatathc of it spatial modulatioti test ,object. conmposed1 of a-ternat-
P to thI universal modhulation tmnusfer funetion, as may lug, equally wide bars having radiances IN and 21N,e
n be seen by combining Eqs. (4) and (7) on p. 500 of respectively, and relate(d to the modulation transferj the paper by Duntley et ol. (1957) to produce the function for atmospheric iaze through the relation
X equation ao = (IN + .N)/2. Modulation contrast 12C, shares

,-- ,,- none of the universal properties of C,, but simple

_ (2.4) algebraic interconnections between it and universal
contrast exist because of the respective definitionsin the notation usead 'in that reference as well as in C=(p-l/ +1anIC=(p-).Spe

See. V! of this article. fit Eq, (2.4), Co(zt,6,0) denotes 12C, =(p -1)1(p + 1) and hC, =(p 1). Simple
algebraic relations can readily be found between

the inherent contrast p - I of an object at altitude modulation contrast transmittance ni, and the pair
zt, when viewed along a path of sight defined by zenith odun contrast transmittance 12, and te,.

angle 9 and azinmth angle 0; the subscript zero implies of universal contrast transinittances co13 and 23, -

zeroObsrvaton istacei~e, ineret cotms. .Modulation contrast and modulation contrast trans-zero observation distance, i.e., inherent contrast. mittance have, at present, no usefulness in visibility
Similarly, C,(z,8,€) denotes the apparent contrast o' for at least three reasons: (1) they lack universal
the target at viewing distance r front altitude z J9iong applicability to all objects and components of objects,
the same path of sight 8,0. The eame parenthetical a property essential to the object index concepts
rimodifiers denoting altitude and path of sight t&ppear described in Sec. IX; (2) they lack the single-valued
on the path radiance N,(z,6,O), the beam tuansmittance connectioi. with detection thiresholds possessed by the
T,(z,O,O), and the inherent background radiance universal forms and whhout which the techniques
A(48z,0,). With the incorporation of parenthetical unvrafom ad ihutwchheehiqs
modifiers to specify altitude and path of sight, the dealt with in Sees. III, IV, and X would be vastly
right-handfi des os fy Eq.alt.3)istu tobeidendp t icasigtth more complicated; (3) virtually no visual thresholdt right-hand side of Eq. (2.3) is seen to be identical with data exist in spatial frequency form, although neeaFch
the right-hand side of Eq. (2.4). Thus, the universal in this direction has begun (--o F~alma and Lowry,

"modulation transfer function for atmospheric haze is 1962).

identically equal to the ratio of apparent to inherent 1962).

universal contrast when Co = p - 1, i.e., in complete Atmospheric Boil
notation -, Image transmission by the atmosphere is affected

4T4240,)-----48,,,)A,(Z,,0,), (2.5) by atmospheric boil in an entirely different manner
where the prescript b specifies that the quantity applies than by atmospheric haze. Nonzero spatial fre-
to background b. The p - 1 type of contrasts in quencies are not attenuated equally, resulting in a
Eqs. (2.4) and (2.5) share with h7, the unique and true loss of resolution. Visibly noticeable temporal
valuable property of universal applicability to any variations are produced in the images of distant objects.
object which may appear against background b. The contrast transmittance for objects of small angular
XC,(z,0,O) and bCo(zg,9,0) are, therefore, referred to as subtense varies inversely as the third power of the
uniersal apparent contrast and universal inherent distance in the presence of boil distributed uniformly
contrast, respectively. The form p - 1 is also referred throughout the path of sight (Duntley, 1963b). Modu-
to as universal coniras!. The ratio of universal ap- laticn transfer functions for atmospheric boil have beev
parent contrast to universal inherent contrast is called derives by Hufnagel and Stanley (1904).
universal contrast transmittance and denoted by 11.5. Water Properties
b3,(z,40,). Because the form p - 1 is used exclusively
in this article (except in the following paragraph) Visibility by swimmers is limited by contrast at-
and throughout virtually the entire literature of viiual tenuation in a manner somewhat similar to that
science and visibility, the adjective universal often has experienced in a foggy atmosphere. Differences be-
been omitted in the later sections of this paper, but tween atmospheric effects and corresponding under-
the universal form of contrast is to be understood water effects are evident along inclined paths of sight,
unless some alternate form is mentioned by name. however, because absorption of visible light, ordinarily

absent in the atmosphere, plays a prominent role in
Modulation Contrast even the clearest of waters. Underwater sighting

Resolution tests and performance analyses of many ranges are always short compared with sighting ranges.-
optical systems, particularly photographic systems, in clear air. Nearly all objects, therefore, subtend so
are frequently described in terms of the ratio (p - I)/ large a visual angle when seen underwater that the
(p + 1); this may be called modulation contrast and exact size of the object is ),f almost no consequence.
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Except for very fily objeets !)r the finelf .fetails of larger hility of tie deteetion OR ra lige x ith obl.-(erver lwrforinali''.
onst, lihderwater sig•hting rangvs bI'i-i d ahlnost It must Iv. lx)rn(, ii lid t i titht all of thie % .ual thr..I holt
nitirely (llpol flit conti'ast t ra.isnilla tit lice of the piath (hilta are averages of thie p.rforinan.e of w.vral obl- a

of sight. wlen ample daylight prevails. The fuida- servers and that their(e is aii ilmiprtnlt degive of P
inentals of this subject have 1)en4 treated by I)untlhy variab)ility throughout the lh:anai population (Sec. IV). 0

(1963a). Additional discussion, chiefly from the n

staidpoint of input data, is given ill Sec. VII of this Visual Search d
irticle. The detection ranges calculated by any of the pro- i•x

,.dinures described in the preceding paragraphs represent I
f.t. Combi~aing Techniques the maximum distances achievable. These ranges B•l

Data on objects, backgrounds, atmospheres, and will only be realized when the object is imaged upon
observers must be combined if answers are to be the most sensitive portion of the retina. li nmost
generated for the types of questions raised in the first instances the observer is required to search for anl

paragraph of See. 1. Such visibility calculations were object within his field of view. hi such a circum-
made initially I)y iterative numerical procedures which stance the chance of the object's being imaged oil his
bracketed the final answer as closely as necessary optimal retinal area may I)e small and the probability

(Dunth'y, 1946. 1948a,b).. Such calculation-s are of detection at any given range will depend upon the
cumbersome, time-consunmng, and they invite mis- peripheral sensitivity of his eye. Calculation of
takes. Prior to the advent of fast electronic coin- detection probabilities in visual search was pioneered
puters, dhe most promising method to accelerate the( by Lamar (1946), and a valuable compendium on visual
calculations appeared to lie in tIhe use of nomographic search techniques is coiitained in National Academy

charts. A series of nomograms for visibility calcula- of Sciences -National lResearch Council Publication 712
tions were published by Duntley (1946, 1948b) and (1960). Although the principles of visual search
were subsequently republished by Middleton (1952' calculations have been well known for about twenty

and by various others. years, their practical application has been compromised
in virtually every instance by lack of sufficient data

Graphical Methods on the optical properties of objects and backgrounds,

Alternative graphical prohedures have also been visual properties, ocular behavior, and atmospheric
devised. One common technique is to prepare a plot effects. Even when ,.dequate information is available,
of apparent object contrast vs observer distance ex- the computational task is a staggering one if the data
pressed in terms of the angular diameter of a circular are used properly. A new concept of object classi-
disk having an angular area equal to that of the object. ficatioii described in See. IX may eliminate part of
This curve is superimposed upon a plot of threshold this difficulty. When it is combined with computer
contrast for circular objects vs the angular diameter techniques, a permanently satisfactory means for
of these objects. The curvus intersect at the limiting visual search calculations should result. Section X
object diameter and indicate, therefore, the maxi- of this article contains a numerical example of an
* mum distance at which the object can be visually advanced type of visual search calculation intended to
detected. The steepness of the intersection of the illustrate more completely than has been done hereto-
curves and the spread between thenm at other object fore one technique for incorporating real and complete
distances provide a valuable indication of the varia- data into a practical visual search calculation.

Ill. Optical Properties of Objects and Backgrounds

Jacqueline L Gordon

There are two basic approaches to the description direction of any given path of sight. The alternative
of the optical properties of objects and backgrouncs. method is to measure the inherent luminance (or the
One is to describe the component properties, such as inherent spectral radiance) under specific natural
directional reflectance and lighting distribution. These lighting conditions. It is the latter approach that
properties may then he combined with information has been employed almost exclusively in this section,
on the shape and orientation of each pattern element since data in this form are directly usable in practical
in order to determine its inherent luminance in the visibility problems.

556 APPLIED OPTICS / Vol. 3. No. 5 / May 1964



~A

Because of space liititatiiis, the d(ta onl targets o0 _----0---.. -" -T -0
Mid baekgrounds presev.it in this section will be
limiteid to photopic properties under only one form ofO •as- -o0.2

p natura illumination. Emphasis is placed upon data Fp appropriate fo~r use with tile specific atmospheric •
en properties presented in See. V1, i.e., a clear day with 0" 6--4=

d. a moderately high sun at a zenith angle of 41.5'.

04-_00x 111.1. Natural Illumination 0
B The position of the sun and the relative contribution .,

of the sun to the total illuminance have a major effleet 02

upon the inherent luminance of objects and back- ...

grounds. The total illuminance on a fully exposed 0-
horizontal plane at sea level in clear weather has been 90. 60. 30o

tabulated as a function of the zenith angle of the sun ZENITH ANGLE OF THE SUN

by Brown (1952); a curve plotted from these tables Fig. 3.2. Shadow intensity as a function of sun position; ratio

is shown in Fig. 3.1. The same figure also contains presumably goes to I when son has a zenith angle of 900.

data points representing data obtained in the desert than does the component of illuminance owing to the
near Inyokern, California, on 7 August 1962 by means sky, presumably because more sunlight is scattered
of a photoelectric illuminometer and shadow intensity and redistributed when atmospheric clarity decreases,
nmeter (see See. VIII). The measured total illuminance, thus increasing the sky illuminance. Since very little
resulting from both sun and sky, is denoted by crosses, visible light is lost by absorption in the atmosphere
whereas the component of illuminance resulting from unless smoke and dust arc present, the redistribution
the sky alone is shown by circled points. Obviously, may increase the total illuminance at the very large
the contribution resulting from the sun becomes more solar zenith angles, and only slightly decrease the total
important with decreasing solar zenith angle. Figure illuminance when the sun is near the zenith. For
3.2 presents the same data as the ratio of the component example, on the day for which the atmospheric proper-
of illuminance owing to the sky to the total illuminance. ties are given in See. VI, the total illuminance on a
The contrast of a shadow on a horizontal, diffusely horizontal plane at ground level was 5940 lm/ftt

reflecting background is this ratio minus 1; such (64,000 lm/rnz), and the ratio of sky component to the
contrasts are indicated on the right-hand scale of total illuminance was 0.235. Thus the total il-
Fig. 3.2. luminance was only slightly below that for the clear

On clear days, the total illuminance at a given solar desert day depicted by the data in Figs. 3.1 and 3.2,
zenith angle shows less variability with air clarity but the sky made a much larger relative contribution.

Moonlight
100 000: Measurements of the luminance of objects and

backgrounds under moonlight are more difficult to
make than under sunlight owing to the large decrease
in illumination. The full moon is approximately the

TOTAL same angular size as the sun and, similarly, serves as
o the principal source of light. Thus, for the same

zenith angle of the sun or moon and the same atmo-
spheric conditions, objects and backgrounds will have
the same directional reflectances, and contrasts de-

2 termined in daylight are, therefore, directly applicable.
1000oo SKY This is as true for upward and horizontal paths of

a .•. s e sight as for downward paths of sight. Moreover,
Z 00 the ratio of the luminance of an object under com-___parable sunlight and full moonlight conditions is

3 equal to the ratio of the inherent luminances of the

100 osun and the moon.go. 60' 30, 0'

ZENITH ANGLE OF TH S 111.2. Sky Backgrounds
Fig. 3. 1. Illuminance as a fu-tion of sun position; solid curve is
from Brown (1952). A valh| n lm/ft2 X 10.764 yields the cor- The backgrounds generally eneuntered on upward-

responding value in mi/in'. looking paths of sight are skies. Fortunately, the
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lu11inuiaiiee uiidei a v'ariety of' coiiditionhs. k. nii(st, iliiiiiiiiiil., diriect ional rolivet:11ie datl~t fourtee1NVIl
useful conmpei ( ndium 1)) Hu lberI ~t (19,57) tabulates clear terra in s. 'Ilivi first tIke of(i theiise terrin., nii ' if 11 ~I i red a
weather sk v luihi fU 1: ces for n ight t ime, twilight, and sinwiotai i ouisly % aith the atiin iop I erie dat a gi~eil I II PP
dlaytimne ats a funict ion of .,olar zenith anigle', and path Sec. V) of this article aiid are aplpropriatce for it',( with Pe
of sight. The liminainee of overcast skies was treated those (lata. ')I'w rem~ainuing ninie sets of terrain data nl
by \looin and~ Spe'nce'r (1942). were selected as also appropriate for use ini the, samned

Sky lumninaince dauta as it funiction of altitude and way. Thne data in 'fable :1.2 are ratios of inherent

path of sight for a clearII (bly %%ith a solar Y~niith angle lumiinance in tho dlirectioin of the specifieid path of
of 41.*50 is given in See. VI of this article, sight to die total illumiinatice on a ful!y expos'd honi- us

A -oniloin background for horizontal paths of sight zointal planie at ground level; this was 5940 Inn/ft2

is the sky near' the horizon. Typical horizon sky (64,000 ha/ni2 ) when the atmiospheric (data given in
luniniances as a function of time of dlay or night and Sec'. VI were ob~tainied.
type of weather are presented in Table :3.1 from D~irectional reflectance was c'hosen for tabiulation iii
lDuntley (1946, 1948b). Table 3.2 to miiiiniize the effect of the channge in total

illuminiance for sinall1 changes in sun zenith angle.
Table 3.1. Horizon Sky Luminances Only at the paths of sight where the background

Iaimiii:iiic 1, Lniiiiiaiici' exhibits a large specular comuponeint does a mninor
D~escriptioin (ftl-U (cd/1112) change in solar zenith angle cause an appreciable

Full daylight 100:1 2 change in directionai reflectance. Specular reflectance
Overvast day 10 :343 tends to be most important at angles which reflect the
Ver~y (lark day i0 :34 sun aiid at grazing incidence to the surface.
T1wilight 1 :4 4 All the (lata in Table :3.2 on various te'rrain b)ack-
Fleptlit moonI0_ 3 4 X 10- grounds and other background surfaces, except those

Quarter to~n 10-3 3i 1 1 for calm water, exhibit the phenomenon of back gloss:
Starlight 10- 4 :1 4 X 10-1 i.e., the highest directional reflectance occurs when the
Overvast starlight 10-_6 3 4 X 10-b path of sight is away fromt the azimuth of the sun

(0= 1800).

For horizon sky data for, clear we~athner, nighttimne, 111.4. Objects
twilight, and daytimie as a function of sunt zenith angle Th motacremtod fdtrn igte
and azitnuth fromn the sunt, refer to Hulbert (1957). optical characteristics of a three-imiensional object
For data coordinated with atmospheric clarity data i omauetn pia rpriso h culojc
for suit zenith angle 41.5', see Sec. V1 of this article. i onesr h pia rpriý.;o h culojc

or a scalle model with optiezlly equivalent surface
111.3. Directional Ref lectance of Terrains characteristics oii the actual background undler natural

The characteristic differences in directional re- ihuminiiation, thus obtaining the effect of thea'ppropriate
flectance between miost mian-made surfaces and natural izmterreflectioins h~etween surfaces. .A less precise but
terrains were noted in Sec. 11 of this article. A s~impler approach is to measure the (directional rc-
further example is providecd by Fig. 3.3. which depicts fleetance . of a flat surface orieiited iiia series of directions

weatere alminm ad hrd-ackd drt. The appropriate to the object for the paths of si~ght in
qluestion. lor the (data reported in this section,
the latter procedure was utilized. Trhe numiber of
surface orientations was limited to angle incremients

of 450. Thus, a seventeen-sided figure repre!sents
WEATEREDsurfaces appropriate for mnost downwardI paths of

__ AAUMIUMsight, aiidlia twenty-six-sidled figure represenits surfaces
& ~for- all paths of sight.

The designation of "object" aind "background"' is
somnewhat arbitrary, since what is background in one
case miay he an object ini another. For instaiice, at

01T road may be the background for a vehicle or it may be
the object when viewed against the surrounding

toICiOA 0L~TAC terrain. Similarly, what is an ol'ji'wt in oue ease mnay

Fig. 3.3. Directional luminous reflertance of weathered altimi- become ve background in another. A 'hieice mlay
num (Psee Table 3.3, object 1) and hard-packed yellowish dirt (se itself be the object, or somie surface of the vehicle may

Table :3.2, terrain 8). bev lt(hi background against which lettering is to beC
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Table 3.2. Directional Luminous Reflectance of Terrain Backgrounds
Azimuth

p of the path
e Sun of sight Zenith angle of path of sightn zenith relative to
d Description angle the sun 184) 165 150 135 120 105 100 95

x 1. Pine trees, small, uniformly spaced. 41.5 0 0.0333 0 0241 0.0214 0.0V214 0.0261 0.0371 0.0463 0.0859
Data are for unresolved terrain 45 0.0Q22'2 0.0202 0.0194 0 0210 0.0303 0.0387 0.0549
(over which atmospheric data 90 0 0315 0 0311 0.0317 0.0317 0.0337 G.0387 0.0463
given in Sec. VI were collected. 135 0.0335 0.0382 0.0392 0.0387 0.0438 0.0403 0.0572

180 0.040'2 0.0444 0.0578 0.0640 0.0711 0.0758 0.0815
2. (riws, thick, rather long, pale green, 41.5 O ) .0)M8 0 081 0.070 0.077 0 088 0.094 0.096 0.094

dornant, dryish, little ground ISO 0.0098 0. 11 t 0 146 0. 150 0. 1531 0. 153 ( 0. 1(0
showing.,*

3. Asphalt, oily, with dust film blown 42.0 0 0.061 0.057 0 058 0.060 0.068 0 090 0.104 0.127
onto oil., 180 0 067 0080 0.101 0.090 0.086 0.086 0 088

4. "White" concrete, aged.- 42.2 0 0.266 0 263 0 254 0.254 0.266 0.298 0.320 0.374
180 0.289 0.313 0.343 0.367 0.350 0.343 0 320

5. Calm water, infinite optical depth.b 41.5 0 0.0222 0.0234 0.0297 0 0569 0.139 0.267 0.461

45 0.0230 0.0240 0.0272 0.0357 0.107 0.199 0.325
90 0.0221 0.0`2"22 0.0234 0.0293 0.0711 0.121 0214

135 0.0213 0.0212 0.0220 0.0270 0.0665 0.113 0 203
180 0.0214 0.0212 0.0216 0.0267 0.0718 0.125 0.254

0. Gran, lush green, closely mnowed 40.4 0 0.109 )0 096 0.098 0.108 0 120 0.149 0.168
thick lawn.' 39.6 90 0.103IX 0 110 0.121 0.138 0 159 0.168

39.6 135 0 107 0 12.5 0.148 0.166 0.178 0.17R
39.9 180 0.109 0.109 0.119 0.122 0.125 0.125

7. Macadam, wasied (offand wrubhed.e 48.5 0 0 113 0.115 0.119 0.128 0.148 0 194 0.229
60.1 90 0.110 0 10J 0.116 0.122 0.139 0.147
46.0 180 0.126 0.141 0.156 0.166 0.172 0.176

8. Dirt, hard packed, yellowish., 53.2 0 0.243 0.2.30 0.2T29 0.239 0.252 0.300 0.330
56.5 90 0.243 0.258 0.260 0.276 0.300 0.304
51.1 180 0.272 0.313 0 370 0.422 0.432 0.434

9. Mixed green forest, deciduous (oak) 39.0 0 0.0360 0.0325 0.0291 0.0205 0.0205 0 0342
and evergreen (pine).' 37.0 180 0.0410 V 0493 0.0493 0.0820 0 263

10. Pine forest.' 33.5 0 0.0385 0.0385 0.0308 0.0246 0.0246 0.0200
11. Gram, dry meadow, dense, mid- 45 0 0.0955 0.0897 0.0960 0.0952 0.108 0.129

summer., 45 90 0.0778 0.0890 0.101 0.111 0.130
45 180 0.116 0.131 0.143 0.153 0.170
45 270 0.107 0.121 0.134 0.137 0.132

12. Ilyns, sparse and dry, yellowish 40 0 0.2.1 0.320 0.342 0.356
grass on sand at end of summer.- 40 90 0.163 0.176 0.198

40 180 0.295 0.353 0.359
40 270 0.262 0.237 0.229

13. Sand dunes, sharpiy expressed micro- 40) 0 0.28, 0. 183 0 337 0.353
relief, dry., 40 90 0.284 0.329 0.306

40 180 0. 246 0.259 0.276
40 270 0.278 0.410 0.281

14. Podsol, ploughed, moist.' 50 0 0.0600 0.0680 0.0646 0.0555
50 90 0.0662 0.0953 01.0715 0.0614 0.0761
50 270 0.149 (0.180)f 0.168 W 0.168 (0.189)f

These terrains were measured on the ground by means of a goiinphotoneter, beneath and during the collection of the data in
Sec. VI.

6 Computed from equations by Duntley (1952) for the lighting condition prevailing for items I and 2 in this table.
' Data taken with a goniophotometer, 10 October 1956.
d Data taken with a photoelectric telephotometer from a helicopter at. 3XX) ft (91.4-m) altitude, mountain forested area near Julian,

California, 23 September 1959.
SLuminous directional reflectance for terrains I I through 14 were computed from spectrophotoraetrie data by Kiinov (1947) using

C.I.E. Illuminant B. Disparity between data for azimuths 900 and 270* "is explained apparently by the direction of shallow furrows
in relation to the min", (Krinov-Belkov, 11.53, p. 75).

I Parentheses indi ate estimates based on incomplete spectral data.
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discerned. II1 Table 3.2 horizontal natural and man- 0oC-.- , -
made surfaces are arbitrarily called "background". /
Just as arbitrarily, man-made surfaces placed in the / 0
various orientations described above are termed / P
"objects" in Table 3.3. P

The data in Table 3.3 are appropriate for use with f\
the backgrounds in Table 3.2. The three man-made d \0
objects are weathered aluminum, an aluminum painted a: x
surface, and a glossy white painted surface. Dia- 49Z \
grams depicting the orientation of the surfaces and the -
zenith angle and azimuth (6,q) of the normal from 0 0.5 ALUMINUM
each surface are presented in Fig. 3.4. The top part T "I- I
of the figure is for the path of sight toward the azimuth t",. ---- o"O ~
of t'le sun, = 00; as shown on the right, the path
of sight has various zenith angles from 1800 (straight AZIMUTH OF
downward) to 95' (nearly horizontal). Similarly, PATH OF sIGT
the bottom portion of Fig. 3.4 is for the paths of sight oi I'

901 120. 1500 180,
looking away from the sun. These diagrams are to ZENITH ANGLE OF PATH OF SIGHT
be used as aids in interpreting the data presented in Fig. 3.5. Reflectance of object and background.
Table 3.3.

111.5. Inherent Contrast .o

A graphical method for representing the inherent -
contrast of objects and backgrounds for various paths /
of sight is illustrated by Fig. 3.5, wherein data from /
"Tables 3.2 and 3.3 for terrain 8 (dirt) and object 1
(weathered aluminum), respectively, are plotted in 9 / --
semilogarithmic form. Consider first the two solid
curves. The (small) vertical separation between 4 5

0*2

45, 0 Zf

ISO*

0-

U, o 0 AZIMUTH OF -
PATH OF SIGHT

AZ IMUTH OF P ATH O F SIGH T 0 ' -0 9 • I f t ! O I
45,90 0, 0 45,-90 045, I a0o5

-90
1$ 90,10 40 0inbtentetodtedcre hw rpial

AZIMUTH Of PATH OF SIGHT 100 01na reIctne fo ahI fsgttwr h ln

90* 120". IS0, I80"

ZENITH ANGLE OF P4,TH OF SIGHT - 7

45, I4 FSg. 3.6. Contrast of object and background.n

$1 them is a direzct (logarithmic) measure of the ratio
/ of the directional reflectance of the two surfaces along

45,0 all downward inclined paths of sight in the plane away
9 / from the sun. Similarly, the (large) vertical separa-

900 tion between the two dotted curves shows graphically
the nmagnitude of the ratio of the corresponding direc-

A ZIMUTH OF PATH 0 SIGHT ISO". tional refleetances for paths of sight toward the plane

Fig. 3.4. 8urfacee• of three-dime.nsional objects; each reutuber ofte sun (azin-h0°.
pair refers to the zenith angle and azimuth from the plane of the A semilogprithmic plot of the vertical separations

sun of the normal from the surface, resle.tively, between the two pairs of curves in Fig. 3.5 is shown in
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Table 3.3. Dirfctiona; Luminous Reflectance of Objects,

Azimuth Normal from
a of Path t urface
p Sun of sight Zenith angle of path of sight
P zenith relative Zenith
e Object angle to sun angle Azimuth 180 165 150 135 120 105 100 95nd 1. Weathered 56.5 0 0 0 0.440 0 62 1.18 3.65 9.2 3.75 3.30 3.03
i :luminum" 56 2 0 45 180 0.255 0.245 0.245 0.350 1.03 0.86 0.112 I.08
X 56.2 0 45 0 1.00 0.76 0.72

57.2 0 45 *90 0.380 0.405 0.51 0.70
B 56.4 0 90 180 0.231 0.269

55.8 90 0 0 0 440 0 465 0.445 0.451 0,475 0.52 0.55 0.56
56.2 180 0 0 0.440 0.392 0,400 0.440 0,460 0.4&5 0.52 0.58
56.1 180 45 0 1.00 1.80 5.9 3.80 1.62 0.99 0.87 0.80
56.1 180 45 180 0.255 0.275 0.328
57.2 180 45 *90 0.380 0.380 0.420 0.470
57.3 180 90 "E45 0.58 0.61 0 64 0.65 0,66
56.2 180 90 0 0,455 0.51 0.1, 0.70 0(.70 0.82 0.8K

Weathered aluminum 56.0 0 0 0 0 206 0.206 0.245
(shadowed)' 56 0 180 0 0 0.206 0.2*23 0 261 0.290 0.290 0.310 0.330 0.415

2. Aluminum paint' 56.5 0 0 0 0.362 0.420 0.64 1.35 3 45 3.45 3.38 3.45
55.9 0 45 180 0.198 0.193 0.220 0.340 0.97 0.83 0.93 1.07
55.9 0 45 0 0.77 0.64 0.58
57.0 0 45 *k90 0.292 0,292 0 345 0 490
56.5 0 90 180 0.180 0.222
55.8 90 0 0 0.362 0,362 0.370 0.380 0.385 0.420 0.440 0.440
56.5 180 0 0 0.362 0.355 0.400 0.460 0.490 0.50 0.50 0,50
55.8 180 45 0 0 77 1.06 1 58 1.45 1,20 0.82 0.75 0,68
55.8 180 45 180 0.198 0.220 0.270
57.0 180 45 *90 0.292 0.310 0 345 0.410
57.5 180 90 +.45 0.52 0.57 0 50 0.56 0.56
56.3 180 90 0 0.460 0.52 0.65 0.71 0.74 0.73 0.72

Aluminum paint 56.1 0 0 0 0.180 0.183 0.210
(shadowed)' 56.1 180 0 0 0.180 0.200 0.240 0.246 0.242 0.271 0.285 0.299

3. Glosy white paint 57.2 0 0 0 0.92 0,92 0.95 1.38 4.40 1.85 1.50 1.40
55.9 0 45 180 0.248 0.245 0 274 0.395 1.01 0 87 0.919 1.10
55.9 0 45 0 1.59 1.49 1.33
56.8 0 45 *90 0.72 0.74 0 78 0.82
56.3 0 90 180 0.236 0.290
55.0 45 0 0 0.92 0.9t 0.90 0.89 0.89 0.82 0.79 0.75
55.5 90 0 0 0.92 0.91 0.90 0.89 0.86 0.78 0.70 0.64
55.0 135 0 0 0.92 0.91 0.90 0.89 0.84 0.72 0.64 0.54
57.2 180 0 0 0.92 0 92 0.94 0.99 1.06 0.95 0.89 0.83
55.9 180 45 0 1.59 1.08 2.85 1.,93 1.69 1.62 1.63 1.63
55.9 180 45 180 0.248 0.257 0.315
56.9 180 45 *90 0.72 0.74 0.81 0.85
57.5 180 90 +45 1.30 1.32 1.33 1.32 1.32
56.2 180 90 0 1.20 1.43 1.50 1.50 1,46 1.46 1.42

Glosy white paint 56.3 0 0 0 0.223 0.216 0.240
(shadowed)' 56.3 180 0 0 0.'23 0.240 0.290 0.285 0.290 0.352 0,400 0,490

Sky condition: clear.
Dats taken with a goniophotometer, January 1959.

Fig. 3.6. The object-to-background ratios (separa- vertically above or below, depending upon whether
tions) are plotted on the logarithmic scale at the right the contrast is positive or negative.
in Fig. 3.6. The scale on the left is for contrast, If, for a given three-dimensional object for one
which is simply the object-to-background ratio minus 1. azimuth of the path of sight, the contrast* of all of the

Practical convenience is often served by a ruler surfaces are plotted in similar fashion on one graph,
bearing a logarithmic reflectance-ratio scale marked a quick picture is obtained of the range of contrast
in contrast. When such a ruler is used, zero contrast contained within the complex object. This form for
is always placed on the curve of background reflectance, plotting contrast has the sadditional advantage of
and contrast is read from the curve of target reflectance duplicating the precision of the initial measurements.
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111.6. Contrast Control The grid completely masks the fact that negative con-

The te(chnjiques described above are of direct useful- trast has a maximum value of minus 1, whereas positive
IeQ5 to prohlenms of contrast control. Either contrast contrast can be infinitely large. For this reason, in

minimization, or contrast maximization may be desired. evaluating a chairge in reference line it is important pTo a first approximation, it can be assumed that a to use a movable contrast swale to measure the new •

sae absolute values of contrast achieved.
paint can be found with approximately the same dbouevle fcnrs civd

directional characteristics as the object surface but The second factor to be noted while minimizing (or

lower or higher in reflectance. A reflectance curve of maximizing) contrast is the relative importance of X
echarateristics as portions of the contrast curves. These must be

shown in Fig. 3.5, but displaced above or below the evaluated in terms of the size of the projected area of B
curve depending on whether the refletance has been the object which has this particular contrast. Con-
raied or lowered. Therefore the contrast curve in sider, for instance, a horizontal surface. The maxi-
Fig. 3.6 can be assumed to depict the contrast of the mum area is seen when the path of sight is normal to
new paint, but with the curve displaced above or below the surface, a zenith angle of 1800. At 1200 zenith
the present curve. Instead of moving the curve, the angle the projected area has been reduced to 50%
zero contrast line may be moved with the same result. of its maximum. Therefore, for horizontal surfaces,

In selecting a new reference line, it is desirable to the most important portion of the contrast curve lies
minimize (or maximize) the absolute value of the on the right-hand side of the graph in Fig. 3.6, and the
cont-ast, since the human eye responds etrually to contrasts for the more slanted paths of sight (zenith
positive and negative contrast of the samre absolute angles less than 120') can be ignored.
value. Often the best reduction (or increase) in the The third caution concerns the achievability of the
absolute contrast can be achieved by the minimization paint reflectance needed to produce the desired con-
(or maximization) of the area between the zero contrast trast change. The minimum achievable reflectance
line and the contrast curves when the curve is plotted for black paint depends upon whether a dull or glossy
on a linear contrast scale. One way to achieve mini- finish is desired.
mization is to have as large a portion of the contrast The reflectance of the desired paint is obtained by
curve lie on or near zero contrast as possible. This dividing the reflectance of the object surface by the
also usually means that the areas under the curve are factor by which the zero reference line has been raised
fairly equally divided between positive and negative or multiplying by the factor by which it has been
contrast. lowered.

In carrying out these procedures, several cautions The final step necessary to complete the engineering
should be noted: procedure for contrast minimization (or maximization)

First, the coordinates used for plotting the contrast is to obtain contrast curves for paints believed to have
curves in Fig. 3.6 gravely distort the contrast picture, the required directional reflectance characteristics.
On this grid equal distances above and below the This requires directional measurements of the paint
contrast line do not constitute equal absolute contrasts. under appropriate lighting conditions.

IPN
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V1. Atmospheric Properties

Almerian R. Boileau

Representative data from Visibility Laboratory the path length r z secO is 10,000 ft or 3.05 kin);
Flight 74, south of Crestview, Florida, are shown in so the beam transmittance found by Foq. (6.1) is
Figs. 6.1, 6.2, and 6.3 and Tables 6.1 through 6.12 7',°.m (0, 6o*) - ev I - (1.52/4.3) 2.001
inclusive. The flight was made midday on 28 Feb-
ruTay 1956. The day was "clear", that is, cloudless, = exp -0.708
but with pronounced haze in the first 4000-ft (1.22- 0.493.
kin) altitude. Recording of data by airborne photo- T (0, (00) is the notation for the beam transmit-
meters was commenced at 1036 Central Standard tance for the upward-looking case. The beam trans-
Time (CST) at an altitude of 20,000 ft (6.1 kin) andliniean iittanee for the downward-looking case T10.00 (5000, '
vwas terminated at 1326 CST at an altitude of 1000 ft 1200) has the same numerical value.
(305 in)., Data were recorded simultaneously at sa Table 6.1 is a table of the data shown in Fig. 6.1
level by duplicate photometers installed on an instru- aniýne va eet"h lgtvten augmented by extrapolated values of attenuation

tnglength from 20,000 ft to 60,000 ft (6.1 km to 18.3 kin).

Beam Transmittance The value of the dimensionless ratio z/L(z) as a func-
tion of altitude is also tabulated. Figures 6.2 and 6.3The measured attenuation length L(z), recorded show beam transmittances computed from the data

during Flight 74, is plotted as a function of altitude in Table 6.1. The curves are plotted on log-log graph
in Fig. 6.1. This shows the laminar structure of the paper, in the case of the vertical coordinates to expandS atmosphere.* Also shown in Fig. 6.1 is a plot of the data at low altitude and compress the data at the
equivalent attenuation length L(z).. This quantity is a higher altitudes, and, in the case of the horizontal
pseudo attenuation length which, when combined
with its Oltitude z, can be used directly in the equation 00/

NTo(z,) = exp I- z/-L(z) secel (6.1) 1-000
to permit easy calculation of the atmospheric beam
transmittance between sea level and altitude z for a / 000

path of sight inclined 0' from the vertical. ,4 000 -

Ex:imple 1 00 o L1.T. ,,II

4What is the bcam transmittance for a path of sight 10 000 o

between sea level and 5000 ft (1.52 kkm) wnen the " 0
path of sight is inclined 600 from the vertical, i.e., with L "it
a zenith angle of either 600 or 1200? The equivalent

S attenuation length L(.) for 5000 ft (1.52 kin) is 2.32 4 000

L naut. miies (4.3 kin); the seecnt of 600 is 2.00 (hence =0o 7 i

i Along Inclined paths of sight . muspheric attenuation varies o L , .S.4, so to so
with altitude. This can be taken into account (1) by introduc- ATTEMIATION LONTHS

i inz an opan vm ant rwal p (see Lhtntlney 1946, 1948a), (2) by 14.1 4 C(i) fNAJrrA. uEII
fi vinatio.n of attenuation length profiles(see Duntley, Boileau, Fig. 6.1. Attenuation length L(z) was measured ,.ontinuouslyi • is- ndorfer, 1957), or= (a) by means of an rquitmlent at- during 1000-ft per rain deseent with aireraift field in levrel altitude.

le' kngt.h (see Eltermar., 1963). Equivalent attenuation lergth I(z• is ,,mlpuiited.
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coordinate, to permit the curves to be used for graphical is the log of this ratio, As an example, it is desired
determination of beam transmittance between ilti- to find the beam transmittance between M000 ft (1.52

a tudes. An example of how this is done follows. km) and 60,000 ft (18.3 kin) for a path of sight with a
P The lea:mn transmithtcles given by the curves in zenith angle of (10' or 120'. The transmittance curve
P Figs. 6.2 and 6.3 arm between sea level and the indicated for 9 600/1200 indicates transmittances as
n altitude. The beam transmittance between two alti- ToxUC0,00O, 1200) 0.345,
4. tudes is found as the ratio of the two beam transmit-

X tances between sea level and the two altitudes. When T 120°) f 0.493.
the data are plotted on a logarithmic scale, the differ- Then the ratio of these two is

S C ence between the log %ahues of the beam transmittwnep.i . ,0, )iT,,.500, 1200) T,,o(E14,000, i20)

= 0.345/0.493

Table 6.1. Measured and Equivalent Attenuation Lengths, - 0.700.

and Ratio of Altitude to Equivalent Attenuation Length This is the beam transmittance between 60,000 ft

SAltitude, z Measured .(z'• 4 quiwdent ) (18.3 kmn) and 5000 ft (1.52 kin) either upward or
(ft) (kin) (naut. mi) (km) (naut. mi) (kin) z/L(z) downward for a path of sight with a zenith angle of-/•) either 60° or 1200, To determine this graphically

0 0 4.60 8 52 4.60 8.52 0.000 from Fig. 6.3, the horizontal distance between the
1000 0.305 I 50 2.74 2 65 4 91 0.062 intersections of the 0 = 600/1200 transmittance curve

32000 0.614 3.10 5.74 1.71 3i.217 0.289 with the 5000-ft (1.52-km) and 60,000-ft (18.3-km)' 3000 0 914 3.10 5.74 1.71 3.17d 0.289)
4000 1 219 7 00 12.97 1 I.96 3.63 C.3.M altitude abscissas is transferred to the horizontal base
5000 1.524 22.0 40.77 2.32 4.30 0.354 line (preferably with dividers) with the left end of
6000 1.829 28.5 52.82 2.74 5.08 0.361 the interval, or difference, placed at the 100% trans-
7000 2. 1.34 31.0 57.45 3.15 5.84 0.365 mittance point, and the right, end of the interval will
8000 2.438 3.4.0 63 01 3 55 6.158 0.371
98000 2.743 17.5 3 2.431 3.92 7.26 0.378 indicate the beam transmittance in question on theS900 2. 743 17.5 32.43 3.92 7.26 0.378"-

10000 3.048 19.5 36 14 4.25 7.88 0.387 baseline.
11000 3.353 21.5 39.84 4.58 8.49 0.395
12000 3.658 22.5 41.70 4.90 9.08 0.403 Path Luminance
13000 3,962 26.5 49 11 5.22 9.67 0.410
14000 4.267 31.5 ,58.38 5.54 10.27 0.416 Tables 6.2 through 6.6 give the sky luminances for
15000 4 572 30.0 55.60 5.86 10 86 0.421 inclined paths of sight ranging from the vertically up-
16000 4.877 34.5 63.93 6.18 11.45 0.426 ward (zenith angle 00) to horizontal (zenith angle 900),
17000 5.182 34.0 63.01 6.48 12.01 0.431 at azimuths with respect to the sum of 00, 450, 900,

S18000 5.486 38.0 70.42 6.80 12.60 0.436 13 a
19000 5.791 39.0 72 27 7.10 13.16 0 440 5°, and 1800. For these paths of sight, sky lumi-
20000 6.096 3.5.0 64.86 7.40 13.71 0 445 nance and path luminance are numerically equal, since
25000 7.620 44.9 83 21 8.8.5 16.40 0 465 the stellar contribntion to the apparent luminance
30000 9.144 53.8 99.70 10.3 19,00 0 481 of the daytime sky is negligible. Tables 6.7 through
3.5000 10.668 64.9 120.27 11.6 21.50 0.495 6.11 give the path luminances for paths of sight ranging
40000 12.192 81.7 151.41 13.0 24.09 0.507 from directly downward (zenith angle 1800) t 50 below
45000 13.716 104 192.73 14.4 26.69 0 515
50000 15.240 132 244.63 15.8 29.28 0 522 the horizontal (zenith angle 950) for the same azimuths a
5M000 16 764 168 311.34 17.1 31.69 0.528 of 00, 450, 900, 1350, and 1800. In Tables 6.2 through
60000 18.288 214 396.58 18.5 34.28 0.5=1 6.6, the luminances are for paths of sight from the

100000 30.48 282 48.5,54 29.9 .55.41 0.550 observer's altitude to outer space.
200000 60.0.9 274 507. 77 59.3 109.89 0.5.51

. 7 . In Tables 6.7 through 6.11, the path luminances
are for paths of sight from the observer's altitude to

8"Attenuation length L(z) was recorded continuously as a sea level, the length of the path indicated by the
function of altitude from 6.096 kin to 0.305 km during descent subscript r equals z wc9 [see Duntley et al., (1957), -A
of airplane at 305 m per min, with the zero altitude value re- p 5011. The increase in the length of the path of
corded simultaneously in an instrumented van beneath the

i flight pattern. These data are shown in Fig. 6.1. Attenuation sight resulting from the curvature of the earth is lea3
lengths above 6.096 km are extrapolated, using density ratios than 5% in all cases except 0 8 950. When 9 - 95',
calculated from Minsner et at. (1959). the path of sight from 60,000 ft (18.3 kin) is increased

b The quantity I /L(z) is equal to Elterman's mean attenuation by earth curvature by 25%. Accordingly, the path
coefficient I.(h), and the two quantities u/Z(s) and KR(h).h, luminanoes for that zenith angle were not extrapolated
may he used interchangeably in Eq. (6.1). See Elterman(1963),

The value of #/Z(z) where z - w was calculated frnm the above 20,(W ft (6.1 kn'.
sea level to space transmittance obtained from measund and Table 6.12 fiits the ratios of the pressure at various
extrapolated attenuation length data. altitudes z to the pressure at 20,000 ft (6.1 kin). The&e
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Table 6.2. Sky Luminance B(z, 6, 00), Upper Sky, in Azimuth of Sun"

Altitude, S Sky luminance (f, L), for zenith angle 0",',' 0
S~P

"(ft" (kin) 0 = 0* 150 300 6(0 750 800 850 W0o P
0 0 9.50 1300 3000 3850 3500 4350 4600 4600 n

101(0 0.305 820 1200 2500 3400 3400 3500 3600 4000 d
'lo00 O, 680 1180 2250 3200 2900 3100 3200 IO0

, i300 0A)14 (00 1135V 12050 3100 2650 2750 2920 3%0( )
•losX 1.21) r4;(; I12o IRK0 30MW 24W0 2,100 2700 3500
,W Ko 1.52-• ,10 11() 1810 2900 22W) 2300 2530 3300 1 C
()00 1. 829 4M11 1040 1720 28W 2010 2150 2400 3200
7000 2. 134 475 1050 1650 2800 1900 200 20 3100
S800~ 2..!'(! 465 1000 1020 2750 1820 1920 2220 2980
WX01 2.743 .450 950 15W0 26150 1780 18.90 2180 2850

l000X) :3.048 420 900 1530 2550 I 1810 2100 2800
1 i0XX) 3.353 390 840 1500 2480 ;69C 1770 2050 27.50
i1200} :3.6'V 365 7410 1460 2390 1850 1710 2000 2700
13000 3.962 345 725 1430 2300 1610 1680 194O 2650
14000 4.267 :125 (80 1490 2250 1590 1 650 1930 2650
15000 4.572 305 625 1390 2190 1580 1610 1900 2600
11001) 4.877 289 582 1380 .120 1550 159) 1890 2600
17000 5.182 272 539 1350 2090 1530 1570 1850 2550
18000 5.486 260 495 1330 2020 1520 1550 1830 2550
10000 5.791 248 4.58 1320 2000 1.500 1520 1810 2550
20000 6.096 236 420 1300 1500 1.500 1810 25.50

a Parenthetical symbols: photometer altitude z, zenith angle 0, and" cable tU table.
b Average zenith angle of sun during flight was 41.5°
S Tile tabulated value in ft-L times 3.420 gives the vah.e in cd/w.c

Sky luminances were recorded by airborne equipment during descent, at five altitudes: 20,000, 8500, 7000, 4000, and 1000 ft.
Simultaneous records were made in instrumented van. The data for the different azimuths and zenith angles were plotted against
altitude and interpolated graphically so that the tabulated values could be read from the graphs.

* Extrapolated path luminances for an observer above 20,000 ft may be calculated as the products of 20,000-ft values and appropriate
pressure ratio from Table 6.12. This aesume that the character of the aen sol at 20,000 ft and above is unchanged, and that the totalI number of scattering particles in a verti.zal path of sight above 20,000 ft is proportional to the pressure.

f Sky lumihances at zenith angle of 450 were near the sun, exceeded the range of photometer, and hence are not available.

ratios can be used for extrapolating the path lumi- kin) and 60,000 ft (J8.3 kin) is the difference between
nances listed in Tables 6.2 through 6.6 above 20,000 the measured path luminance at 60,000 ft (18.3 kin)
ft (6.1 kin). and the product of the beam transmittance of the

The following equation describes the apparent lumi- path of sight from 5000 ft (1.52 kin) t0 60,000 ft (18.3
nances of an object seen through the atmosphere [see km) and the measured path luminaiie at 'O0 ft
Duntleyetal. (1957), Eq. 1, p. 5W0] (1.52 km;. In Table 6.8, for azimuth of +•45*, Ale

,,,+ (z,,). (6.2) path luminance for 60,000 ft (18.3 kin) and s .'unitn
B ) B ) +angle of 1200 is listed as 1230 ft-L (4212 cd/nW).

From this equation it can be seen that the path lumi- The same table gives the corresponding path lumi-
nance B,* (z,O,p) is equal t) the difference between nance for 5000 ft (1.52 kmn) as 444 ft-L (1522 cd/rn2 ),
the apparent luminance B,(z,8,¢) a.& I the product The heam transmittance for the path of sight previously
of the inherent luminv.uee Bo(z,O,p) and the bearn determined is 0.700. Heace the path luminance for
transmittance T,(z,O). Hence, in all cases the path the downward-looking path of sight between the
luminance for a pati, of sightl between two altitudes is 60,000-ft (18,3-kni) and 5000-ft (1.52-kni) Iltitudes ih
the difference between the path luminance at the ob- Bsimoce(60 000,1200 450) - 1230- (444)(0.700) - 919ft-L
server's altitude (obtained from the appropriate table) - 4212 - (1522) (0.700) - 3148 cd/n,9 .
and the product of the path of sight beam transmit-
tance and the path luminance at the object altitude. This is the quantity deno "d by BR(z,G,p) in Eq. (6.2).

Example
Consider a path of sight at 450 from the azimuth Apparent Luminance of an Object

of the sun and inclined downward at s zenith angle Once the beam transmittance and path luminance
of 1200. The path luminance between 5W00 ft (1.52 have been found for the assumed path of sight, the
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Table 6.3. Sky Luminance B(z, 0, +45 0 ),a Upper Sky, 450 from Azimuth of Sun"'

Sky IumirMuuc (ft,-l, fOr VeuitLi angle 04"4

(ft) = 150 30° .15 0 t)o 750 8)0 810 41)00

0 1180 1410 176W 1740 12V() 3190 3220 2400e 1n I0) 10330 30 11550 1520 2080) 2220 2520 2400

d "0oX 920 11 R) 1350 1320 1780 1900 2380 2400
30%)0 810 985 128) 1240 1530 1740 210() 24(8)

X 40040 725 M)0 1060 10410 1360 1580 1980 2400
5000 (M78 860 1090 ,80 121iK) 151) I9.9 2340

C 600)0 645 ,M5 965 945 11.10 1460 1830 2290
700X0 )10 810 930 920 1200 1400 1780 2220
8000 0(0) 795 880 870 1180 1350 1730 2200
9000 580 770 840 840 1130 1310 16M) 2150

10000 5M0 7'0 800 800 I01) 1270 1640 2110
11000 X30 (04) 765 765 10,50 1220 1600 2(M)0
12000 500 655 735 735 1010 1180 1550 2040
13000 480 6220 70) 700 900o 1130 1510 2020
14000 455 .N0 475 (675 9210 1100 1460 2(X1)
15000 432 554) 645 645 880 1060 1420 198)
16000 412 615 120 620 840 1020 180 1970
17000 390 485 590 590 800) 980 1330 1950
18000 370 455 570 570 770 940 1290 1940
19000 352 430 545 545 730 900 1230 1930
20000 332 400 '30 530 700 870 1200 1920

0.•'•'�S ee footnotee to 'fable 9.2.

Table 6.4. Sky Luminance B(z, 0, :L-900),a Upper Sky, 900 from Azimuth of Sun6

Altitude Sky luminance (ft-L)c for zenith angle ed.,

(ft) 0 = 15° 300 45" 600 750 800 850 900

0 925 910 990 1110 1580 1850 2090 1450
1000 780 740 7R,0 875 1200 1380 1630 1500
2000 645 615 660 740 1080 1290 1600 1.560
3000 545 530 570 660 1000 1270 1580 1600
40W0 475 470 495 600 930 1260 1520 1660
5000 450 435 470 575 900 1250 1500) 1680
6000 430 410 445 555 880 1220 1480 1700
7000 410 395 425 545 860 1190 1450 1730
8000 400 385 410 530 810 1030 1410 1760
9000 380 305 395 510 775 950 1370 1800

10000 362 345 380 490 750 920 11330 1810
11000 34.5 328 360 475 715 895 1300 1810
12000 328 310 345 455 695 86.5 1270 1820
13000 310 295 .330 440 670 840 1230 1820
14000 2 9 5 280 312 4120 645 815 1206 1830
15000 280 265 300 405 625 785 1170 1830
16004 262 252 28. 390 605 760 1130 1840
17000 250 240 270 370 590 740 1100 1840
18000 2:15 230 256 350 570 7202 10 WA 150
19000) 222 219 242 335 555 700 10)30 1850
20000 211) 210 !M2 320 540 680 1000 1860

"A* '" 9ee footnotes to Table 6.2.

apparent luminance ,B,(z,9,;) of an object having an Ao.,ooo(60A0 , 12W0, 450) (2500) (0.700) + 919 = 26611 ft-I,

inherent luminance of ,8o(z,,O,') can be readily pre- - (85-30) (0.700) + 3148 = 9140 cd/rn.

jicted wit' the aid of Eq. (6.2).
If an aire.,aft flying at an altitude of 5000 ft (1.52 kin) It ic interesting to note that if, it. this case, the

has an inherent luminance of 2500 ft-L (8530 cdi/mr) object had an inherent luminance of -30 ft-L (10,-00
in the direction of the path of sight, its apparent -d/n-.), its apparent luminance would also be 3063 ft-L
luminance at the upper end of the path is (10,500 cd/mn); this is the effective equilibrium lumi-
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Table 6.5. Sky Luminance B(z, 0, ±:1350),o Upper Sky, 1350 from Azimuth of Sun"

Alt0dh - Sky Iunmnance (ft-L)c for zenith angle 04

(f) 6 - 15 : 3oo 450 1k° 75° so0, 850 9°0 p

t6%) 6-40 W 880 1150 17•u 1980 1470 P
100t) It0 n5W .5 740 1220 1410 1820 1570 n

20HX) 5 10 .500 530 (175 1120 11ll0 1790 1 foItf d
:1(Xx) IS6 150 490 (30 1060 130m) 1780 172(0
• t(H I 10 100 ,450 595 100(0 1290 1780 178(1 X
"50x0( .115 382 435 580 97.) 12s0 1770 1780
(M00) :39. 1:,59 4Wn 570 950A 1270 1720 1790 C
70W0 375 4005 4(h) 560 940 1260 1690 1800
80(10 370 31 395 540 91W 120 160X) 189)
9000) 3:, .3"; CS380 520 980 1 I(10 15610 1960

IWO(X) :3 10 3)9 16) ,195 SW6 1130 1550 20X)
I I(N) 3:12:31 302 :142 475 8101 JIMI 1520 2(yf})
12(HX) ;306 '29 ?25 4W(1 S15 I(11) 15WN) 2050
130(i) 2911 275 310 .110 '91) 10(41 14RO 210K)
I I(X0) 272 260 292 .(l 780 10:10 1460 2110
150(x) 251 248 276 -10X) 740 10(0 1430 2130
i0(1x) 249 2:35 262 380 715 980 1410 2160
170(H) 222 222 248 365 691) 950 1390 2190
I S100 209 210 233 348 665 920 1360 2200
19000 194 198 220 330 6(15 S95 1340 2220
20000 185 189 210 3 1.5 625 S 65 1320 2280

. See footnotes to Table 6.2.

Table 6.6. Sky Luminance B(z, 0, 1100),- Upper Sky, 1U00 from Azimuth of Sun'

Altitude Sky luminnnie (ft-L)e for zenith angle 0'"

(1`0 1511 300 150 600 750 80°0 05 900

0 700 640 660 950 1600 190I 2509 1500
1000 620 570 600 800 1500 18;0( 2M)11 1600
20001 550 510 550 745 1300 17,10 2210 1700
3000 490 460 510 710 1310 1710 2150 1780
4000 450 420 480 680 1250 170;) 2100 1 ,50
5000 430 405 460 660 1200 1700 20801 1930

6000 415 392 440 640 1180 1694) 2030 1980
7000 400 380 420 620 1150 li49O 2000 200()
8000 J90 365 405 605 1120 1620 1920 2130
90001 370 3.50 390 590 1080 1590 1900 2230

10000 355 335 370 570 1020 1510 1850 '2290
11000 335 320 355 550 980 1450 1810 2300
12000 309 305 340 525 940 1400 1900 2330
13000 300 289 325 500 9001 1350 1790 2350
14000 282 272 310 480 80 1300 1750 2380
15000 265 258 295 455 8.30 1280 1750 2390
W1000 250 242 279 435 800 1220 1750 2390
17000 235 230 262 410 770 1200 1750 2400

18000 220 215 249 3390 750 11SO 1750 2400
19090 208 201 235 370 720 1120 1750 2400
20000 195 190 220 350 700 1100 175J 2400

.bcdo.. See footnotes to Table 6.2.

naice foi- this path o' sight (Dunthvy nt al., 1,)57). If, (4112 ecds/m"-) loss of transiitte inherent luminance
- however, tie object had an inherent lumninance, greater exceeds the 919 ft-L (3148 c/2 path hnininance gain.
•-than 3063 ft-L (10,5W0 cd/in'), thvý apparent iumi-l

z nance would be reducedl by this path of sight, Thus ApaetCnrs
an object having an inherent luminance of 4000 ft-b Becausc the detectability of any given ,bject de-
(13,700 cd/m2) will have an apparent himinance of pends on its apparent contrast, the illustrative examiple }
only 3719 ft-L (12,740 ed,/m'), since th(v 1200 ft-1, fromn the prece(ding paragraph shouhld be extended W••,
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Table 6.7. Path Luminance B1,(z, 8, 00),, Lower Sky, In Azimuth of Sunb

Path luminance (ft-L)Y for zenith angle r.1

aAltituzde, ~ ______________________ ___________________________________
P (ft) I 1800 150 01 : 135 1200 1050 1000 950

P 100) 6;0..9 60)..) 8 8 N8. 7 123 223 398 750

2000 134 132 158 163 214 461 727 1140

d 3000 192 204 229 236 198 676 998 1400
4000 233 2.59 208 305 371 868 1210 1590

x 5000 264 281 318 340 414 973 1300 1690
600)0 291 301 344 381 469 1070 1390) 1780

C 7000 313 327 377 434 545 1180 1470 1890
8000 341 366 419 496 671 t290 15.30 2020
9000 307 388; 445 531 732 1360 15,80 2!10

10000 388 399 459 545 749 1380 1610 2140
1500M) V84 457 532 610 823 1510 1780 2310
2000) 603 510 604 672 896 1660 19.80 2500
20 710 557 674 731 967 1790 2150
30000) 798 596 731 779 1020 1890 2270
40000 928 653 815 848 1110 2040 2440
50000 1010 689 867 891 1150 2120 2540
60000 1060 710 899) 917 1180 2170 2590

a Parenthetical symbols: photometer altitude z, zenith angle 9, and azimuth applicable to table
b Average zenith angle of sun (luring flight 41.50.
0 In using these tables, it has been found that above 10,000 ft altitude increments of 5000 ft and 10,000 ft are satisfactory.
J The tabulated value in ft-L times 3.426 gives the value in cd/nis.

* Path luminances from 0 to 20,000 ft altitudes for zenith angles from 950 to 1800 were calculated as follows: (I) Path functions
for 1000 ft altitude B. (1000,0,,p) were calculated from flight data and Eq. 10 of Duntley et at. (1957). (2) Path functions for sea level
B. (0,9,,o) were recorded in the van. (3) Path luminances for first 1000 ft altitude B* (1000,0,v) were calculated by means of Eq. 17
of Duntley ed al. (1957). (4) Inherent background luminances (groundcover luminances) 4 B0 (0,0,1) were calculated by means of Eq.
(6.2). See Eq. 4 of Duntley et al. (1957). (5) Path luminances for other than first 1000-ft altitude were calculated by means
of Eq. (6.2).

f Path luminances for altitudes above 20,000 ft were extrapolated as follows: (1) Path functions for 20,000 ft B. (20,000,8,,p) were
calculated from flight data and Eq. 10 of Duntley et al. (1957). (2) Path functions above 20,000 ft B. (z,O,v,) were calculated, in 100-ft
increments, in proportion to atmospheric density. (3) Path luminances above 20,000 ft B, (z,9,p) were calculated by means of Eq.
17 of Duntley el al. (1957).

illustrate the calculation of the apparent contrast at bB,..oo0(60,000, 1200, 450) = (125) (0.345) + 1230 = 1273 ft-L

the end of the path of sight. = (428) (0.345) + 4212 = 4360 cd/ni-

Example and the apparent contrast of the low-flying aircraft
against the pine-covered terrain as seen from 60,000

Let it be assumed that the low-flying aircraft appears ft is
against a uniform groundcover of small, fairly closely
spaced pine trees on flat terrain. This uas the type C,0.oo(O0,000, 1200, 450) = (2609 - 1273)/1273 1.097.
of groundcover over which Flight 74 took place.
Table 3.2 gives the directional luminous reflectance Inherent Contrast
of this groundcover as seen from the assumed direc- The inherent contrast of the low-flying aircraft
tion (e = 1200; p = 450) as 0.021. During Flight 74 against the same groundcover can be found by using
the illumination on a fully exposed horizontal plane the inherent luminance of the aircraft and, as the back-
at ground level was measured as 5940 Im ft-1 (64,200 ground luminance, the apparent luminance of the
Im/m'). Thus the inherent luminance of the ground- groundcover as seen from 5000 ft (1.52 kin) along the
cover is (5940) (0.021) = 125 ft-L (428 cd/Mi2). Equa- assumed directional path of sight.
tion (6.2) can now be used with the transmittance
from Fig. 6.3 (previously determined to be 0.345)
and the path lumhinance from Table 6.8 (previously Example
determined to be 1230 ft-L; 4212 ed/m-) to calculate The inherent luminance of the groundcover has
the apparent luminance of the background against been determined as 125 ft-L (428 cd/mn). The beam
which the aircraft appears. Thus, as seen from an transmittance for the appropriate path of sight has
altitude of 60,000 ft (18.3 kin), the apparent luminance already been determined as 0.493. Table 6.8 gives
of the background is the path luminance for the assumed path of sight as
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Table 6.8. Path Luminance B*(:, 0, *:45),, Lower Sky, 450 from Azimuth of Sun'

Path ;imomanve (ft-I., H for z.tri , t:019' O-1

(ft) 0 I65° I1.q) 1350 10. 1 1001 95 Pp
0)) 62 103 1 H0 I 2IS 251! 359 65)e

20(H() 159 1 312 241 t73) 1;!2 96411n
:0ol 220 252 262 3331 f39 s37 1190
IWO) 267 30x 318 391 771 3100 1310
5(34)) 299 335 365 .141 851 °iO 11 350
6000 324 356 406 .184 935 1270 1570 C
7000 340 371 441 52 2 954 1320 1640
8000 375 417 487 606 1 ("0 1390 1700
90041 401 447 518 645 1070 1450 1780

10000 117 463 534 67S 110) 148) i800
15(00) 195 511 607 755 1280 1600) 1920
2000)0 5S7 628 6S1)9 S56 1470 1760 2100
250)010 1671 7017 763 947 1630 191 (1)
304))H) 7.10 772 s.2l 1020 1760 2010
PR0O)) 1%41 866 912 1130 1930 216g)
50J)4) 903 1125 967 1190 2040 22-10
600W0 941 96 1 13 0H)) 1231) 2110 2280

.. b 1A,,1 See foot notes to Table 6.7.

Table 6.9. Path Luminance B*(lz, 0, 0900),, Lower Sky, 900 from Azimuth of Sun'"

Altitude" 'Path luminance (ft-l)" for zenith angle &. = f

(ft) 0 = 165* 1500 1350 121)0 1050 3000 950

1000 69 7 77.8 82 8 109 W03 359 595
2000 138 156 174 226 389 562 833
31000 195 226 245 325 540 722 990
4000 238 279 21.98 104 665 867 1110
5000 26S .306 339 .162 744 975 1190
6000 293 328 372 50)8 1) 1090 1260
7004) 321 344 403 549 S11 1170 1310
8000 351 383 439 51SO) 932 1190 1380
900 376 409 463 6W7 963 1240 1410

S 10000 393 426 481 628 P00) 1271) 1450
15000 179 516 571 739 3160 1420 1600
20004) 5X2 609 670 K73 1310 15) 1Is800
25000 675 694 759 993 1450 1730
30000 751 763 N31 I 309) 1564) 1 0
40000 s6 1 $64 931; 1230 171 19084)
50000 934 926 1(XX) 1311 IMSi) 2064)
6000) 976 964 10 1!) 1370 i Sti) 21 (x0

r .. ,d..•.. Se fo, tnotes to Table 6 7.

444 ft-L (1522 cd,,'m 2 ). Thus the apparent humi- path luminance. T'lus, contrast has been, reduced
nance of the background as seen from 5000 ft (1.52 kin) by the factor
along the path of sight would be ".(.o)()0,J 3200, 45°)/(., 54)4). !2!°. 35' = 3.097/3.,43
i B,,m(,000, 120", 450) = (125) (0.493) + 144= A06 ft-L f0.276.

1Then the inherent contrast of the low-fiving airi'raft -a

would contrastb, e, 
, call the .otrat

wu bransmittallce. It is also comlputable by ally of tilt,

C,(5000, 1200, .t5°0) = A2:,0 ) ;1 5 -))/Sl 3.4141. three following equations:

Contrast Transmittance ('z,,)i(,(2,O,¢) = 7'z,9),JL.4 :,,o. -)/dtd:,o,&, 441.3) j
I3i the preceding ilhlstration, thv inherent contrast L'z.o,¾W( 9,,) - 11 + lyt.,,)/y',:.,OsIIoi:,,)j-'.

of 3.941 has been reduced to 1.097 bly atmospheric 46141

attenuation of the optical signal and the addition of (,4:.6.€ (,s:,.6. I 6 .- :..€ ,I1,;:.¢, 65
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Table 6.10. Path Luminance I?,(z, 0, .1359),, Lower Sky, 1350 from Azimuth of Sun'

0 I uIt h1 mniv:i' (ft-I,)'t for 4.eithl angle &,'fP Altitude,

p (ft) =165 1502 350 1200 105° I() 15

n 1000 93.4 120 137 :37 336 486 693
S.00 161 207 241 2S2 494 677 95,

1 3000 21s 27S 3 15 185 625 813 II()
X 4000 259 326 375 162 729 910 1230

50Mx 292 3.58 41,1 525 804 1000 1 20I
C OW0) 323 3W5 .1410 573 885 1090 1310

7000 34.1 .1(01 .166 (09 936 1170 14(X)
1"(X) 364 427 W97 6(0) 1010 12190 15201
I9X0) 305 45,4 523 652 1140 3:10) 165A)

10() 4•17 485 560 694 1170 14540 17(W)
MA0") X3 1 620 691 S61 1350 1660 1910
"2(300) (W-4 721 S56 995 1470 1780 2050
2.50W0 725 818 1(xN) 1120 1590 1890
30000 802 895 1130 1220 1670 1980
40000 915 1010 130x) 1360 1790 2090
50000 986 1080 1410 1440 1860 2150
60000 1030 1120 1480 1490 1900 2180

•.h,C,...I See footnotes to Table 6.7.

Table 6.11. Path Luminance Rf,(z, 6, 10),• Lower Sky, 1800 from Azimuth of Sun'

Altituder Path luminance (ft-L)d for zenith angle ows,

(ft) 0 = 16.50 150, 1350 1200 1050 1000 950

1000 65.9 94.3 106 144 228 485 860
2000 138 193 227 274 496 763 1140
3000 198 276 327 382 682 935 1270
4000 241 341 407 451 815 1040 1330
5000 264 364 450 512 867 1130 1380
6000 285 386 484 570 920 1230 1450
7000 316 417 515 617 987 1360 1480
8000 387 453 539 659 1110 1450 1680
9000 448 485 558 681 1220 1500 1770

10000 472 509 583 705 1250 1.540 1800
15000 575 637 721 816 1420 1750 2000
20000 699 792 867 944 1620 1970 2200
25000 816 943 997 1060 1810 2170
30000 912 1070 1100 1160 1960 2330
40000 1050 1250 1260 1300 2160 2530
50000 1140 1360 1350 1380 2280 2650
60000 1190 1430 1410 1430 2350 2710

a•c.d.•.,,t See footnotes to Table 6.7.

Example of the inherent contrast, bBzo,m (5000, 1200, 450),
is 506 ft-L (1733 cd/1n2). The apparent background
luminance as seen from 60,000 ft (18.3 kim) is 1273

Equation (6.3) shows that the contrast transmittance ft-L (4360 cd/rin).
may be calculated from the beam transmittance, and Accordingly,
the inherent and apparent background luminances.
The beam transmittance has been determined to he
0.700. The inherent background huninance, that is, C,,..,(6o,000, 1200, 45 0 )/Co(50X)0, 1200, 450;

the background luminance used in thei determinationi (0.700)(.d61/1273 = 0.278.
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Eq.tuationi (61.4) relittes thle contraist trai'isniit'aiiice Table 6.12. Pressure Ratios, Pressure at Aititude z t*
to p~at h luminaince, beall, t aI'lIisillit tat Iev(, .a~nd inbeei ct, Pressure at 20,000 ft
baic kgrondI~ hnnininice. Thie paith Ii I11n iiiI ice,$ previ- Alitude Rantio of
(Ol~y iletelimiiiit', i~i 919 ft-1, (31148 cdiiij0) ']Iie () r(ift 0 P
1wani tranismiittanice and inherent background lunii- 2,01.0ep
inijcev are, asi lefo)v, 0.700 ft-b, and 506 ft..L (1733 sMm0.808 nl
ed/niii), respectively. Then the contrast transmit- :in0. 647
tan ice is 10),000 0 404

..-A,000X 0. 21W X
V'(if,0)(,1200, 450 )/Q,50(X), 1200, 4j5') W 2,8 (0,0W 0.1.55c

=1/11 + 9J19A0.7(0) (506)]l .28

Whiue Fq. (6.5) in used to deterniine the contrast lnisncfrpesrsgvnb ~c.e ia.(91)

transmittance, or,.ly two quaiitities are required:
path lumninance aumd apparent backgrounid luminance.
These two quantities are 919 ft-I, (3148 cdl/fl t ) aiid at (60,000 ft (18.3 kin). Again, the contrast transmit-
1273 ft-, (43(W ed nIII'). Then tative (-all be1 calculatedl by3 Exqs. (6.3), (6.4), or (6.Q).

-I - 919/1273 =I- 0.72)~ 0.278. Example

It is highly significant a111( implortant to note that fi )a rnmtac ftept fsgta
nione of the three equations used to calculate the peiul ltrie s07X.Teihrn ak

('oulasttraismitaije ivolvs an phtomeric grounid liuminancee, the Prodluct of the 20,000-ft (6.1-
lr etY f ti' bj t. hecontrastI transmnittance i vl e n h t m ti kin) altitude sk y' lumina nc e from Table 6.5 and the
aplplies, th-refore, to any ob~jc~t which may appear (i0.0(X-ft, (18.3-kin) pressure ratio factor from Table

againist the pievailiiig hackground and, for this reason, 6. 2, i,ý -4.8 ft-1, (167 C(11 111). The apparent back-
has been specifiedI as the( universal contrast transmnit- gon mnntc sraI(ictyfoiTbe65a
tance. rh'e contrasts, the ratio of which is the univer- 58 I't-1 (1985 ed tit"). The path luminance is the

(liffereivev betweenl the apparent background luminance
salconras triisiitaiic, re ermd uivcsalap- and the( attenuated inherent background luminance,

parent contrast aild universal inherent contrast to
-o therform ofcontaste~g or- is the (differenice between 580 ft-b, and 0.700 X

diistingulishl themn froi te om fcnrseg 48.8 ft-b,, which is 545.8 ft-b (1870 cd/m2). ThenI
p or (p - 1),,/(p + 1), which do not share this useful
property. It will be shown in Sec. IX that visual ob- the contrast transmnittance calculated by Eqs. (6.3),
jeet classificat ion techniques art- possible only in terms (1.)an(6),rpetvli
of universal contrast. Throughout this artic'le, the Cj,,..tt 500',E), - 13.5 0)/C0(H,(oo)o, 6.W), - 135 0)
wordl "contrast" dieinotes universal contrast; all other =(0.700) (48.8)/5$N0 =0.0.59,

fornis of contrast are specifically identified by name, 60', - 135 0)/C0y(60,00Q, CAP, - 1330)
e.g., ratio continst p or mnodulationi contrast (p I 1)I -/I + -545 81(0.7WM) (48.8)1 0.059,

(P +l).,.(0W 0,-15-16,0, 0,-3
The contrast transmittance nomograin, Fig. 6.4. .545.8,~,- 30/O(0,0, 0 1.580 0.59
contrutedby Jacqueline 1. Gordon. is I levice for Inasinuch as the contrast transmittances apply to

solving -.q. (6.4) graphically,- Fromt this nonmogrami,
one- can quickly dletermine (a,) the beami transmittance spcific background luminances-, the two factors 0.278

for hoizotal athof ightfro th attnuaion and 0.059 calculated in the foregoing examples may, in
lcmith nd rnge (b)therati ofpathlumnanc to accordance with Sec., I of this article, be written as

beam transmittance fromt the( two separate quantities. , 0 ~(6.N0 1200, 45') = 0 278 (path inelined downward),
amld (c) the contrast trai.sinittancoe from this ratio and CP 3))=OO'i pt nlnduwr)
thme inherent background luminance. ~60 3' .5 pt nlnduwr)

Note that, although the beani transinittance for
the reciproc'al paths of sight are idlentical, the contratst

Upward Paths ofSgttrainsinittances are not. This is because the path
The foregoing example concerned a path of sight luminances for reciprocal paths of sight may, and

inclined downward with a zenith angle of 1200 anol usualy do,doiffergreatlV.
azimuith of 45'. N\ow let, us consider the reciprocal Material as developed in this section is combined
path of sight. the inclined upward path of sight, with with physiological data of the humian eye and other
a1 zenith angle of 60' and azimuth of - 1330. This pertinent dlata, such as search or recognition factors,
would bc the path of sight for an olbserver in the low- in the treatment of Visibility problems,. How this is
flying aircraft looking in the direction of the aircraft done ,is (leserilied iin another s--ection of this pape-r.
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DIRECTIONAL REFLECTANCE OF ATMOSPHERIC PATHS OF SIGHT
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Air Force Cambridge Research Laboratory
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Abstract

The contrast reducing propertie'- -f any path of right inclined downward through-A
the atmoaphere can be bpei~flCd l,ýi a Single dimensionlessa number haalogou!! to a

reflectance sad called the diweri'iiea rellertunce of the path of-tight R*. The con- -
trast transmizttance of the path depends soleh upon the ratio of the directional path
reflectance to the inherent directional reflectance of the background it*`,R.), I've-
viously published optical atin,,spherai. data derived from in-flight measurements have
been used to produce tables of B* for two clear-weat)-r conditions. A simple nomo-

grcph and numerical examples are included.

INTRODUCTION ]
Samples of the data needed for visibility calculations and illustrations of their use are provided in}previous papers 1''' by the author and his colleagues. These papers include tables of optical atmos- -

pheric data for visible light measured from an instrumented aircraft on two typical clear days. Methods ]
for using those data to calcu~ate the contrast transmittance of the atmosphere along any selected path ofj
sight are illustrated by numerical examples-5 using exact equation S6

,
7'8. The equations use the ratio of

two independent quantities, path iuminance and beam transmittance, to specify the contrast i,~ucing prop-
erties of each path. Tables of that ratio could, of course, be made but a more useful descriptor, called the 1
directional reflectance of the atmospheric path of sight and denoted by the symbol R*, is presented in this

The ratio of R* to the inherent directional reflectance of the background b Re r, ,erm'ines the contrast
transmittance of the path for any object appearing against that background. Similarly, the ratio of R* to
the average directional reflectance A of a bar pattern determines the modulation tra3nsmittance Of the path
for that bar pattern. Tables of R* for allI of the previously publish'ed samples of date 1, , 3- are given and
their use is illustrated.

CONTRAST REDUCTION BY THE ATMOSPHERE

Zý The reduction of apparent contrast along any path of sight through the atmosphere is disuussod iii rtof
erences (1) and (6). The concepts and equations on p. 555 of reference (1) ghoW that the spustfal utwiolel1
transmittance b T,(z, 0, ) of a path (if sight of length r, Initiating at a background bi mnd Itnatraoilitat of
receiver which is located at altitude z and which accepts flux from a direction hewdrMtonarnh *%~I* $~



I

azimuth 0• relative to the surt, is

P-

PIeI

n =,z06 i * (z 0, S6 bN(.0 z, 0.'ý, (1

rI

aobserved in the direction 0, of the path of sight, as shown in Figure 1. The symbols N*(z,i0,) and

T, (z, 0, (b) denote, respectively0, the spectral path radiance and spectral beam transmittance of the path
S~ of eight.
p -1

HOMZDNT. DISTANCE

Fig. 1. Illustrating the g-.oometry of a downward ;nclined path of sight having length r, zenith angle
0, and with the object located at altitude z, measured above some datum plane, often mean
sea level. The observer is at altitude z.

•- •In the case of, paths of sight which are inclined downward (rr?!0-7/2) let both numerator and denomi-

:• nator of the term within the square brackets in equation (1) be multiplied by V /H(zt, -) T (z, 0, 0), where

": • H(zt,-) is the spectral irradiance on an upward-facing horizontal plane at altitude zt, Then equation (1)
becomes

bT,(Z0, ,) 1+[,rN*(z,6 ,6 ) )/H(z+,-)T,(z,0) irbNo(zt,0,0)/H(zt,-) (2)

i;- " DIlRCIONAL RELECTANCE

::-The donominstor of the second term on the right in eq. (2) can be written bNo(Z,,OS6)/ [ H(z,,-)/,].J-IV wher bNtshed Iacticeni this ratio is called the inherent directional spectral reflectance of the back-

b-erv eit will be dioed in subsequent equations by the symbol bRF(zt,r0, 0, 0', sm where 0' and 0, rep

mot0,d, re specltvyve, the zenith angle and the azimuthbeam tr of the reflecting surface.

The figt.r 1 is inserted In the definition of directional reflectance in accordance with established

naWltor f to conform with existing bodies of publishod data. including references (1) and (2), rather

ic



than for any truly fundamental reason. For example, reference (9) states that "the luminance of an imper-

Sfectly diffusing surface may be compared with the luminance of a perfectly reflecting,, perfectly diffusing p-surface which is siiary illuminated. The ratio of these luminances is a quantity which frequently dif- p

fers from luminous reflectance. The corresponding ratio of radiances of surfaces, for homogeneous inci-

dent radiant energy and for the same spatial conditions of irradiation and observation, may be called i
Sdirectional spectral reflectance." x

. D

tThus, directional spectral refletance has been drefene ()taterence to the properties of a perfectly

Sreflecting, perfectly diffuse reflector. For a flat surface of this type the total spectral radiant flux

Sreflected per unit of area is found by integration to be v times the radiance. It is the convenient but un-
necessary conceptual involvement of a perfectly reflecting, perfectly diffuse reference surface in the

definition of directional spectral reflectance that requires the factor di to be inserted in both numerator
- and denominator of the second term on the right in equation (2). it is an attractive consequence that the

directional spectral reflectance of new fallen snow approaches unity whenever such snow approximates a
perfectly reflecting, perfectly diffuse reflectorr f t

I

It is important to note that directional spectral reflectance is a dimensionless ratio which character-

izes the reflecting surface in some specified direction of observation and under a specific lighting
,:ondition.

PATH REFLECTANCE

The numerator of the second term on the right in equation (2) has the form of a directional spectral re-
S flectance except for the dimensionless factor T,(z, O,0•). Let the numerator of the second term on the right

in equation (2) be symbolized by R*(z,e, O)and let it be called the directional spectral reflectance of the
path of sight through the atmosphere or, briefly, "directional spectral path reflectance." Equation (2)

can now be written

b T, (z, 1 + R* (z, 0,l/bRolZt, 0,) 1(3)

I •where, by definition,
• • *(zO,¢ - -N,*(z,O,qS)/H(zt) T,(z,O,0). (4)

The directional luminous reflectance of newly fallen snow is ordinarily nearly 1.0 when viewed from any direction
unless the incident illumination is nearly grazing incidence. Similarly, the directional reflectance of most matte
black surfaces is approximately 0.04. Glossy surfaces may however, have directional reflectances greatly in ex-
c ess of 1.0 in certain directions. An extreme case of gloss is a perfectly reflecting plane mirror; it may have a
directional reflectance of more than 100,000 in the direction in which sunlight is reflected since the solar lumi-
nance may exceed 109 foot lamberts while the illuminance on the mirror produced by the sun and sky is usually

X less than 104 lumens per sq. ft.

t1f the factor u is not inserted in equation (2) the equally useful but numerically different, nameless, dimension-

less ratio of spectral radiance/spectral irradiance appears; in deference to established practice (see reference 9)
this ratio should not be called directional spectral reflectance.
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o LUMINOUS QUANTITIES

pJ

The foregoing discussion and all of the symbols in equations (1) through (4) refer to monochromatic
light. The atmospheric optical data in references (1) through (4), however, were measured by means of

photoelectric photometers carefully filtered to measure luminance, illuminance, directional luminous re-
flectance, etc. Under ordinary circumstances equations (1) and (2) are valid approximations for use in
visibility calculations if each radiance (N) is replaced by luminance (B) and each irradiance (H) by illu-

minance (E)t When equations (1) through (4) are used in visib.'ity calculations the symbols bR, R%, T,
and T must be understood to represent luminous quantities.

EFFECT OF PATH REFLECTANCE ON CONTRAST TRANSMITTANCE

Contrast transmittance is shown by equation (3) to be a function solely of the ratio of the directional
reflectance of the path to the directional reflectance of the background. Ordinarily, path reflectance is

affected very little by background and surround properties; it depends chiefly on the atmosphere, its light-
"ing, and the direction of the path of sight. Objects and most non-self-luminous backgrounds have direc-
tional reflectaices within the rather narrow range 0.8 to 0.04, unless they have prominent gloss. Even
glossy surfaces often have directional reflectances within this range except in the direction of specular
reflection. Contrast transmittance, however, can vary more widely. To illustrate this, equation (3) has
been used to calculate values of contrast transmittance for two background directional reflectances, 0.8
and 0.04, corresponding respectively to a "white" and a "black" background, Decimal values of path
reflectance from 0.001 to 100.0 have been assumed. The result is given in Table 1 and Figure 2.

Table I. Contrast Transmittance

Path Black Baa.kground White Background

Reflectance bRo = 0.04 b Ro = 0.80

0 1. 1,
0,001 0.975 1.
0.01 0.800 0.987
0.1 0.236 0.889
1.0 0.0385 0.445

10.0 0.00398 0.0741
100.0 0.00040 0.00794

* The luminance (B) is expressed in candles per unit of area; if lambert units are used, the ?r is incorporated in
the unit and should not appear explicitly in the equations.

t-
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PATH REFLECTANCE

Contrast transmittance is always 0.50 whenever the directional reflectances of path and background
are equal. When the path reflectance (R*) is dominant, contrast transmittance is low, but when background
reflectance (bRo) dominates, contrast transmittance is high. Fo- a given path reflectance, contrast trans-

If rmittance improves as background reflectance increases; this gain may, however, be at least partially off-

set by a concurrent decrease in inherent contrast.§

NOMOGRAM

A conceptually valuable graphical representation of the etfect on contrast transmittance of the ratio

(R' / Ro) of the path reflectance to background reflectance is provided by Figure 3. It is a nomogram
which represents equation (3) and consists merely of a diagonal straight line drawn across a sheet of 2-
cycle by 2-cycle log-log graph paper. The path to background reflectance ratio is entered on the axis of
abscissa and contrast transmittance is read out on the axis of ordinate.

It will be noted that when R' tR, the contrast transmittance is 0.50. Small values of the ratio

R,"/Ab yield high values of contrast trannmittalce, and vice versa.

PATH-TO.IACKGROUND CONTRAST

Directional path ref loctanen rnd diectorlonal background reflectance can be combined in the form of a

contrast and denoted by 1C", It, 01. 0), whwn

R (z 0, f) -)II
§The contrast trannmittamce or amy piath of might is the msme for every object which may appear against the

specified background.
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PATH/BACK3ROUND CONTRAST
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PATH/GROUND RATIO (R,*(Z. 0, 0)bA lz,,0.e4)

Fig. 3

After combining with equation (3),

A ?(z, 0, ) [2 + C:(Z.O0. )j (6)

When the background directional reflectance is greater than the directional reflectance of the path, the
path/background Contrast is negative; the contrast transmittance then exceeds 0.5. No particular advantage
or convenience seems likely to arise from this formulation. Nevertheless, a scale of path/background con-
trast has been added along the upper boundary of Figure 3.
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PATH REFLECTANCE FOR A MEDIUM SOLAR ALTTITUDE
0
p

Directional luminous path reflectance has been calculated for each of the path luminances given in P
e

Tables 6.7 through 6.11 in Ref. 1. The results are presented in this report as Tables 2 through 6. n
d.

The original data were obtained on 28 February 1956 during a flight (No. 74) of an instrumented B-29 i
X

aircraft at Eglin Air Force Base, Florida. On that occasion the zenith angle of the sun was 41.50 and the
vertical luminous beam transmittance from space to earth TJ(O, 0) was 0.576.' The nearly uniform terrain L
beneath the path of flight had small pine trees, uniformly spaced.

Directional reflectance data for various backgrounds which are appropriate for use with the path re-f
flectances in Tables 2 through 6 can be found in Sect. 3 of Ref, 1 -and in Ref. 3.

Values of illuminance at ground level are given in both English and metric units for Flight 74 in Table
7A. The ratio of the upwelling to the total downwelling illuminance is 0.034 for the horizontal illumi-
nances. This ratio is sometimes called albedo.

Table 7A gives downwelling scalar (non-directional) illuminance at ground level. The scalar albedo
just above the surface is 0.064. Scalar albedo is one of the determinants of the path luminance and down-
welling illuminance; see reference 4. It is usu.;lly larger than the horizontal surface albedo since the
higher directional reflectances at the near horizontal paths of sight are given more weight in the integration.,

Table 2. Downward luminous path reflectance R; (z, 0, 0) in the azimuth of the sun,
for a medium solar zenith angle (41.50)

Zenith angle 0 (paths of sight inclined downward)

Altitude (z)
(feet) 1800 1650 1500 1350 1200 1050 1000 950

V0
1,000 0.0109 0.0109 0.0148 0.0163 0.0234 0.0477 0.0959 0.258
2,000 0.0272 0.0270 0.0330 0.0358 0.0524 0.160 0.361 1.66
3,000 0.0432 0.0464 0.0538 0.0598 0.0894 0.348 0.889 6.51
4,000 0.0549 0.0617 0.0739 0.0826 0.122 0.534 1.40 12.6
5,000 0.0633 0.0683 0.0805 0.0945 0.141 0.642 1.68 16.4

S6,000 0.0702 0.0736 0.0878 0.107 0.162 0.724 1.86 18.6
S7,000 0,0760 0.0804 0.0968 0.122 0.190 0.814 2.03 20.9

8,000 0.0832 0.0905 0.108 0.141 0.237 0.913 2.18 24.0
S9,000 0.0901 0.0966 0.116 0.152 0.262 0.983 2.33 27.1

10,000 0.0962 0.100 0.121 0.158 0.274 1.04 2.51 30.5
15,000 0.124 0.119 0.146 0.186 0.322 1.29 3.38 48.7
20,000 0.158 0.136 0.170 0.212 0.367 1.55 4.31 69.0
25,000 0.190 0.152 0.194 0.237 0.412 1.82 5.26 "
30,000 0.217 0.165 0.214 0.259 0.450 2.04 6.11
40,000 0.259 0.186 0.246 0.292 0.515 2.44 7.58
50,000 0.287 0.199 0.267 0.314 0.550 2.68 8.66
60,000 0.304 0.208 0.280 0.328 0.576 2.85 9.34

*T'rie optical thickness t of the atmosphere at ground level, derived from measured and extrapolated photopic atten-
uation iengtht by methods described in reference (1). was 0.551. The optical thickness t above any altitude z is
related to the vertical beam transmittance yo(zO) from space to that altitude by the relation Tre(z,O) e
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Table 3. Downward luminous path reflectance R* (z, 0, 46) at 450 from the azimuth of the sun,
"P for a medium sola angle (41.50)
P
e
nd Zenith angle 0 (paths of sight inclined downward)d
i Altitude (z)
X (feet) 1650 1500 1350 1200 1050 1000 950

D
0

1,000 0.0154 0.0186 0.0202 0.0244 0.0554 0.0865 0.223
2,000 0.0325 0.0383 0.0422 0.0598 0.164 0.344 1.40
3,000 0.0500 0.0593 0.0664 0.0994 0.329 0.746 5.54
4,000 0.0636 0.0764 0.0861 0.129 0.474 1.28 10.4
5,000 0.0726 0.0848 0,101 0.152 0.564 1.53 14.1
6,000 0.0792 0.0908 0.114 0.168 0.632 1.70 16.4
7,000 0.0836 0.0952 0.124 0.183 0.660 1.82 182
8,000 0.0927 0.108 0.138 0.214 0.722 1.98 20.2
9,000 0.0999 0.117 0.149 0.231 0.773 2.14 22.9

10,000 0.105 0.122 0.156 0.248 0.827 2.31 25.7
15,000 0.129 0.148 0.185 0.295 1.09 3.04 40.5
20,000 0.157 0.177 0.218 0.351 1.38 3.83 58.0
25,000 0.183 0.203 0.248 0.404 1.65 4.67
30,000 0.205 0.226 0.274 0.450 1.90 5.41
40,000 0.239 0.262 0.314 0.524 2.30 6.71
50,000 0.261 0.285 0.340 0.569 2.58 7.64
60,000 0.275 0.299 0.358 0.600 2.77 8.22

Table 4. Downward luminous path reflectance R; (z, 0, 90), at 900 from the azimuth of the sun,
for a medium solar angle (41.50)

Zenith angle 0 (paths of sight inclined downward)

Altitude (z)
(feet) 1650 1500 1350 1200 1050 1000 950

0
1,000 0.0125 0.0141 0.0152 0.0208 0.0434 0.0865 0.204
2,000 0.0282 0.0326 0.0382 0.0554 0.135 0.279 1.21
3,000 0.0443 0.0532 0.0621 0.0976 0.278 0.643 4.60
4,000 0.0567 0.0692 0.0807 0.133 0.409 1.01 8.77
5,000 0.0651 0.0775 0.0942 0.158 0.491 1.26 11.6
6,000 0.0716 0.0837 0.104 0.176 0.548 1.46 13.2
7,000 0.0789 0.0883 0.114 0.192 0.608 1.61 14.5
8,000 0.0868 0.0989 0.125 0.205 0.659 1.70 16 4
9,000 0.0937 0.107 0.133 0.217 0.696 1.83 18.1

10,000 0.0988 0.112 0.140 0.229 0.752 1.98 20.7
15,000 0.125 0.141 0.174 0.289 0.991 2.70 33.7
20,000 0.155 0.171 0.212 0.358 1.22 3.44 49.7
25,000 0.184 0.200 0.246 0.423 1.47 4.23
30,000 0.208 0.224 0.276 0.481 1.68 4.92
40,000 0.246 0.261 0.322 0.570 2.04 6.15
50,000 0.270 0.285 0.352 0.629 2.28 7.02
60,000 0.285 0.300 0°372 0.669 2.45 7.57
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Table 5. Downward luminous path reflectance R; (z, 0, 135;, at 1360 from the azimuth of the sun, a
for a medium solar zenith angle (41.50) P

p

Zenith angle 0 (paths of sight inclined downward) d
Altitude (z)

(feet) 1650 1500 1350 1200 1050 1000 950 X[D]
0

1,000 0.0168 0.0217 0.0252 0.0261 0.0719 0.117 0.238
2,000 0.0329 0.0433 0.0529 0.0891 0.172 0.336 1.38
3,000 0.0495 0.0654 0.0799 0.116 0.322 0.724 5.12
4,000 0.0617 0.0808 0.102 0.152 0.448 1.06 9.72
5,000 0.0710 0.0907 0.115 0.179 0.531 1.30 12.6
6,000 0,0789 0.0982 0.123 0.198 0.598 1.46 13.7
7,000 0.0846 0.103 0.131 0.213 0.646 1.61 15.5
8,000 0.0900 0.110 0.141 0.223 0.738 1.84 18.0
9,000 0.0984 0.120 0.150 0.234 0.824 2.06 21.2

10,000 0.105 0.128 0.163 0.254 0.879 2.26 24.3
15,000 0.138 0.170 0.211 0.336 1.15 3.15 40.2
20,000 0.169 0.204 0.270 0.408 1.38 3.88 56.5
25,000 0.198 0.235 0.324 0.477 1.61 4.62
30,008 0.222 0.262 0.376 0.538 1.80 5.32
40,000 0.260 0.305 0.448 0.631 2.14 6.49
50,000 0.285 0.332 0.497 0.689 2.35 7.33
60,000 0.301 0.349 0.529 0.727 2.50 7.86

Tale 6. Downward luminous path reflectance R; (z, 0, 180), at 1800 from the azimuth of the sun,

for a medium solar zenith angle (41.59)

Zenith angle 0 (paths of sight inclined downward)
Altitude (z)

(feet) 1650 1500 1350 1200 1050 1000 960

0
1,000 0.0118 0.0170 0.0195 0.0275 0.0488 0.117 0.296
2,000 0.0282 0.0404 0.0498 0.0672 0.172 0.379 1.66
3,000 0.0450 0.0649 0.0829 0.115 0.351 0.833 5.91
4,000 0.0574 0.0846 0.110 0.149 0.501 1.21 10.5
5,000 0.0642 0.0922 0.125 0.175 0.572 1.46 13.4
6,000 0.0696 0.0985 0.136 0.198 0.622 1.64 15.2
7,000 0.0777 0.107 0.145 0.216 0.681 1.88 16.4
8,000 0.0957 0.117 0.153 0,233 0.785 2.07 19.9
9,000 0.112 0.127 0.160 0,244 0.882 2.22 22.8

10,000 0.119 0.134 0.170 0.257 0.940 2.40 25.7
15,000 0.150 0.174 0.220 0.319 1.21 3.33 42.2
20,000 0.186 0.223 0.274 0.387 1.52 4.29 6U.7
25,000 0.222 0.271 0.324 0.452 1 84 5.30
30,000 0.253 0.314 0.386 0.511 2,12 6.27
40,000 0.299 0.378 0.434 0.603 2.58 7.86
50,000 0.330 0.419 0.4/6 0.660 2,89 9.03
60,000 0.348 0.445 0.504 0.698 3.09 9.77
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Table 7A. Measured illuminance on a horizontal plane at ground level during Flight 74
P (Solar zenith angle = 41.50)

e
n I lluminance

X lumens/ft 2 lumens/meter2

D
Illuminance from the sky 1 400 15 100

Illuminance from the sun 4 54r 48900

Total downwelling i;luminance 5940 64 000

Upwelling illuminance 203 2180

Table 70. Scalar illuminance at ground level during Flight 74 (Solar zenith angle = 41.50)

Illuminance

lumens/ft 2 lumens/meter 2

Illuminance from the sky 3450 37 100

111tuminance from the sun 6060 65200

Total downwelling illumieance 9510 102300

Upwelling illuminance 612 6580

TOTAL 10122 108880

PATH REFLECTANCE FOR A LOW SUN

The path luminances for a low sun given in Tables V through IX in Ref. 2 have been used to compute

corresponding directional luminous path reflectances. These are presented in Tables 8 through 12.

The photometric measurements were made during a flight (No. 105) of an instrumented B-29 aircraft over

the Atlantic Ocean east of Patrick Air Force Base, Florida on 20 April 1957. The zenith angle of the sun

for the data obtained at lowest altitude was 77.3° The optical thickness at sea level was 0.255 and the

luminous vertical beam transmittance through the atmosphere was 0.775. There was a 10 knot (Sm/sec)

wind. The day was warm with some scattered clouds; the sun was virtually unobscured.

Directional ref lectances for backgrounds other than ocean water which are appropriate for use with

these path reflectances can be found in Ref. 2.

Sea level illuminance values are given in Table 13. The horizontal surface albedo was 0.055, and the

scalar albedo was 0.064.

10
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Table 8. Downward luminous path reflectance R; (z, 0, 0) in the azimuth of the sun, a
Pfor a low sun (maximum solar zenith angle 77.,3°) p
e
n

Zenith angle 0 (paths of sight inclined downward)

Altitude (z) x
(feet) 1800 1650 1500 1350 1200 1050 1000 950 D

0
1,000 0.00143 0.00135 0.00280 0.00780 0.0247 0.0593 0.0994
2,000 0.00341 0.00337 0.00590 0.0182 0.0564 0.130 0.221
3,000 0.00561 0.00575 0.0100 0.0302 0.0924 0.216 0.378
4,000 0.00796 0.00853 0.0145 0.0431 0.131 0,315 0.560
5,000 0.0104 0.0121 0.0196 0.0575 0.178 0.422 0.772
6,000 0.0137 0.0152 0.0244 0.0731 0.228 0.517 0.956
7,000 0.0170 0.0190 0.0300 0.0907 0,282 0.633 1.18
8,000 0.0208 0.0240 0.0362 0.110 0.342 0.762 1.42
9,000 0.0242 0.0291 0.0438 0.129 0.406 0.908 1.75

10,000 0.0283 0.0349 0.0521 0.150 0,475 1.07 2.07
15,000 0.0489 0.0626 0.0969 0.243 0.786 2.20 4.63
20,000 0.0598 0.0927 0.147 0.345 1.11 3.64 8.57
25,000 0.0700 0.122 0.194 0.444 1.43 5.18
30,000 0.0788 0.147 0.236 0.530 1.71 6.61
40,000 0.0930 0.186 0.301 0.668 2.17 9.14
50,000 0.102 0.212 0.346 0.761 2.47 11.1
60,000 0.109 0.230 0.374 0.825 2.67 12.4

Table 9. Downward luminous path reflectance R (z, 0. 46). at 450 from the azimuth of the sun,

for a low sun (maximum solar zenith angle 77.30)

Zenith angle 0 (paths of sight inclined downward)

Altitude (z)
(feet) 1650 1500 1350 1200 1050 1000 950

0
1,000 0.00147 0.00186 0.00303 0.00449 0.0123 0.0177 0.0500
2,000 0.00306 0.00424 0.00576 0.00897 0.0271 0.0395 0.102
3,000 0.00530 0.00668 0.00918 0.0149 0.0439 0.0656 0.167
4,000 0.00773 0.00946 0.0126 0.0208 0.0636 0.0955 0.244
5,000 0.0104 0.0125 0.0164 0.0274 0.0856 0.128 0.330
6,000 0.0135 0.0154 0.0211 0.0333 0.106 0.159 0.403
7,000 0.0168 0.0183 0.0256 0.0393 0.131 0.196 0.491
8,000 0.0203 0.0221 0.0320 0.0474 0.158 0.240 0.589
9,000 0.0244 0.0261 0.0386 0.0564 0.191 0.287 0.708

10,000 0.0288 0.0303 0.0451 0.0688 0.225 0.342 0.843
15,000 0.0543 0.0560 0.0786 0.143 0.459 0.768 2.18
20,000 0.0704 0.0840 0.109 0.208 0.769 1.37 4.47
25,000 0.0856 0.111 0.137 0.271 1.09 2.02320,000 0.0983 0.134 0.162 0.326 1.38 2.63
40,000 0.120 0.171 0.202 0.416 1.86 3.71
50,000 0.133 0.196 0.229 0.478 2.20 4.53

60,000 0.142 0.212 0.247 0.517 2.43 5.07



a Table 10. Downward luminous path reflectance R; (z, 0,90), at 900 from the azimuth of the sun,
P for a low sun (maximum solar zenith angle 77.30)
P
e
n
d Zenith angle 0 (paths of sight inclined downward)
I Altitude (z)
x

(feet) 1650 1500 1350 1200 1050 1000 950
D

1,000 0.00188 0.00204 0.00247 0. 331 0.00825 0.0130 0.0243
2,000 0.00401 0.00431 0.00494 0.u0693 0,0174 0.0265 0.0541
3,000 0.00635 0.00687 0.00782 0.0114 0.0287 0.0430 0.0935
4,000 0.00884 0.00940 0.0113 0.0159 0.0411 0.0610 0.140
5,000 0.0116 0.0125 0.0149 0.0211 0.0547 0.0811 0.193
6,000 0.0145 0.0153 0.0185 0.0262 0.0691 0.100 0.238
7,000 0.0179 0.0188 0.0225 0.0318 0.0833 0.119 0.294
8,000 0.0213 0.0223 0.0272 0.0381 0.100 0.144 0.358
9,000 0.0254 0.0269 0.0326 0.0460 0.116 0.171 0.431

10,000 0.0299 0.0314 0.0390 0.0538 0.133 0.202 0.512
15,000 0.0534 0.0555 0.0662 0.103 0.280 0.480 1.31
20,000 0.0672 0.0786 0.0922 0.164 0.449 0.905 2.81
25,000 0.0801 0.1014 0.118 0.222 0.622 1.36
30,000 0.0920 0.120 0.140 0.274 0.779 1.79
40,000 0.110 0.150 0.175 0.358 1.04 2.54
50,000 0.122 0.171 0.198 0.415 1.23 3.12
30,000 0.130 0.184 0.214 0.452 1.35 3.49

Table 11. Downward luminous path reflectance R;(z, 0, 135), at 1350 from the azimuth of the sun,
for a low sun (maximum solar zenith angle 77.3°)

Zenith angle 0 (paths of sight inclined downward)
Altitude (z)

(feet) 1650 1500 1350 1200 1050 1000 950

0
1,000 0.00204 0.00289 0.00309 0.00370 0.0114 0.0188 0.0330
2,000 0.00426 0.00515 0.00669 0.00798 0.0240 0.0386 0.0757
3,000 0.00671 0.00816 0.0104 0.0138 0.0384 0.0655 0.131
4,000 0.00945 0.0113 0.0146 0.0197 0.0540 0.0939 0.198
5,000 0.0125 0.0146 0.0191 0.0270 0.0717 0.128 0.278
6,000 0.0154 0.0182 0.0241 0.0332 0.0907 0.158 0.354
7,000 0.0192 0.0225 0.0292 0.0409 0.110 0.195 0.444
8,000 0.0225 0.0267 0.0349 0.0509 0.135 0.236 0.552
9,000 0.0274 0.0322 0.0414 0.0617 0.163 0.284 0.680

10,000 0.0322 0.0371 0.0492 0.0742 0.193 0.340 0.823
15,000 0.0532 0.0649 0.0820 0.138 0.399 0.698 2.06
20,000 0.0717 0.0923 0.109 0.207 0.683 1.11 4.01
25,000 0.0898 0.119 0.135 0.275 0.973 1.56
30,000 0.105 0.141 0.158 0.335 1.24 1.97
40,000 0.129 0.178 0.194 0.431 1.68 2.70
50,000 0.145 0.202 0.217 0.497 2.00 3.27
60,000 0.155 0.218 0.234 0.539 2.20 3.62
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Table 12. Downward luminous path reflectance R; (z, 0, 180). at 1800 from the azimuth of the sun, X
for a low sun (maximum solar zenith angle 77.30) P

P
e
nZenith angle 0 (paths of sight inclined downward) d

Altitude (Z i
x

(feet) 1650 1500 1350 1200 1050 1000 950

D
0

1,000 0.00186 0.00208 0.00270 0.00507 0.0126 0.0236 0.0369
2,000 0.00408 0.00439 0.00555 0.0105 0.0265 0.0516 0.0856
3,000 0.00635 0.00705 0.00881 0.0162 0.0438 0.0865 0.152
4,000 0.00865 0.00972 0.0124 0.0218 0.0634 0.128 0.238
5,000 0.0112 0.0128 0.0163 0.0292 0.0856 0.179 0.342
6,000 0.0140 0.0159 0.0202 0.0369 0.108 0.229 0.448
7,000 0.0174 0.0198 0.0250 0.0454 0.136 0.288 0.587
8,000 0.0206 0.0246 0.0307 0.0562 0.168 0.354 0.759
9,000 0.0246 0.0298 0.0372 0.0671 0.295 0,,31 0.974

10,000 0.0288 0.0360 0.0470 0.0819 0.246 0.509 1.21
15,.00 0.0523 0.0693 0.104 0.200 0.532 1.00 2.78
20,000 0.0697 0.102 0.164 0.344 0.929 1.65 5.18
25,000 0.0925 0.133 0.220 0.485' 1.34 2.34
30,000 0.112 0.160 0.270 0.608 1.70 2.99
40,000 0.143 0.203 0.349 0.808 2.32 4.12
50,000 0.164 0.232 0.403 0.942 2.76 5.01
60,000 0.177 0.250 0.437 1.04 3.06 5.58

Table 13. Sea level illuminances for Flight 105 (Low Sun)

II luminance

lumens/ft 2  lumens/m 2

Illuminance on horizontal surface

Sky 838 9020

Sun 872 9380

Total downwelling 1710 18400

Upwel ling 93.3 1000

Scalar illuminance

Sky 1940 20900

Sun 3970 42700

Downwelling 5910 63600

Upwelli ng 375 40,'30

TOTAL 6235 67640
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ILLUSTRATIVE EXAMPLEol
P

p Reference 5 gives numerical examples of several procedures for calculating the contrast transmittancen
of a typical inclined path of sight from optical atmospheric data secured during Flight 74 of the instru-

rmented B-29 aircraft e Tables 2 through 7 of this report relate to the same body of basic data. The use of

these tables to calculate the contrast transmittance of the same path of sight is illustrated in this section.

Under the heading "EXAMPLE" on page 578 in reference 5 the problem is stated2 in part, as follows:

"Let it be assumed that the low flying aircraft appears against a uniform ground cover of small, fairly
Sclosely spaced pine trees on flat terrain, This was the type of ground cover over whi,.-h Flight 74 took

place. Table 3.2 gives the directional luminous reflectance of this ground cover as seen 0rom the assumed

direction o 0 m 120q ua to 450) as 0.021." The low-flying aircraft in question was at an 0 3 titude of 5000 feet
and the observer was at 60000 feet. The downward inclined path of sight had a zr~nith angle of 120' and

an azimuth 450 from the sun. The calculations given in reference 5 led to a contrast transmittance of

0.278 for the path of sight from the low-flying aircraft (5000 feet) to the observer (60000 feet). The same
result can be obtained more easily by means of equation 3 and Table 3 of this report in the following manner.

First, calculate the contrast transmittance of the path of sight from the ground to altitude 5000 feet.

From the preceding paragraph bR. (0, 120', 451) = 0.021

From TablIe 3: R*o o0 000(5000, 120', 459) = 0. 152

Frc,m Equat ion 3: b'[o To00 00(5000, 1200, 4511) = [ 1 + (0. 152/0.021)-= 0. 1214.

Second, calculate the contrast transmittance of the path of sight from the ground to altitude 60000 feet.

From Table 3: R%, 20 000 (60000, 120°, 459) = 0.600

From Equation 3: 11"120~ 000 (0000, 120V,450) = [ 1 + 0.600/0,021]- 0.0338

Third, obtain the contrast transmittance of the path of sight from altitude 5000 feet to altitude 60000

feet by dividing the contrast transmittance of the portion of the path extending from the ground to altitude

5000 feet by the contrast transmittance of the entire path.

Thus: bT, lo 000( 6 0000,120l, 4 50) = 0.0338/0.1214 = 0.278.

Alternatively, the same results can be obtained by means of the nomograph (Fig. 3).
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Model for a Clear Atmosphere* p
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A mo, del of at cleatr al noph ,ere is, presecntedl based upon t st) assunipt ion~. (1) the point-function equilill- E
TOum radiance for a given path of sight dIoes not change with altitude; (2) there is no absorption. As a result
of thee ats~uniptions, the equation of transfer can be integrated. The path radiance for any slant path
tiecotnie a function of the equilibrium radiance and the beam transmittance of that path In addition, the
equilibrium radiance is a function of the scalar irradiance from the sun, sky, and earth and the proportional
dlirectional scattering coefficient for ground level. Sky radiances, and path radiances through the atmosphere
for both upward anti do%% nward paths are determined by four parameters; the proportional directional
scattering function for ground level, the total vertical bejam transmittance of the atmosphere, the scalar
.tlhdo, and the solar zenith angle.

Thelire I% evidence that the real atmo~pherc does on some days conform to the above two assumptions to a
ii,cful vi nit for t hc visible portion of t he spectrum.
l'.I.'x 14~ %Tt\A:.. ýtniosphric oliticr; R~adiance; Sun; Scattering; Transmittance.

A Nl0DI"I, of ,L deA atmosphere for tisc in the the point-function equilibrium radiance, and the zenith
11visible region of the spectrtum is based tupon two angle 0, and azimuth from sun 0, of the path of sight.

As%lutllpt ions. The starting point is the eqtuation of transfer4 which is
(1 Tlhe point-funk-tion eqjuilibrium radiance for a applicable to all real atmospheres,

given path of sight does not change with altitude.
E~quilibriums radiance is defined as follows. For each (2
segment of every path of sight in any lighted atmosphere The equation of transfer expresses the change of radi-
there is an equilibrium radiance that will be trans- ance chat occurs in a small segment of the path of
mitted unchanged because the loss (attenuation of sight. AX(z,0,0) is the difference between the input
image-forming light) is exac'tly coutnterbalanced by the and output radian~e for the segment. The segment
gain due to the ss attering of sunlight and sk~ light length is 4z secO. The gaini term is the path function,
towaicl the Sensor. Th'le e-quilibriumn radiance is a point X.z8~.The loss ternm is the radiance .V(Z,;,0)
funILtiomt Of poaniionl and diret tion, which in any- real divided by the attenutation length, I.(z). Equation (2)
.LttnoSi~here may vary from point to point thro~ughout can be rewritten
3 Pat jh of sight. In the model, we are assuming it to be
invariant throughout a p~ath of sight. .s,,)[N(e,)z-Vz,,J

(~2) Absorption is negligible, With only the first Xsec0Az/L(Z,). (3)
..týuniptiott it becomies p)ossible to integrate the equa- F romi the equation of transfer and the definition of
tion o~f transfer for the general case of the slant path. equilibrium radiance [Ref. 4, Eq. (11)]

INTEGRATION OF THE EQUATION OF Xq(z,0,0) = N.V(z,6040L(z). (4)
TRANSFER Now, bubstituting Eqs. (41 anod (1) into Yq. (3), we find

T'he mnethod of integration is similar to the one given
by Duntley for slant paths' and for the horizontal .z,)[.'(8,- Z,4] A Lz, ()
p~ath,' and repeated by Middleton.' The difference lies or
in integrating to get transmittance rather than 1?. It is
not necessary to assume an op~tical standard atmosphere -eY /LZ.(6)
btut mierely one in which the equilibrium radiance, Both sides of the equation can be integrated after

d.(,,~,toes not change Witlli altitude, passing to the limiting case, lim(Az -- 0)=11Z. Inte-

't qZ,6,). 1) grating both sides, the first between the limit% of the
inherent radiance No, at altitude z, and the apparent

Flie parenthetital e\pres~sionl denotes the altItude -, of radiance N,, and the second side hetween the beginning

W,~r ha ben iuiqortd uner ASAgrat N;J{t)5 and cnd of path length r, we find
(0N9t?59. vsc

'S. Q. liuntley, J. Opt. Soc. A-'m. 38, 181 (1948)X. NzO) 'sc

S. Q. Duntley, Visibility Stusdies and Sonis Applications in thseJ- -dz. (7)
Heied of C~amouflage. Summary Tech. Ropt. of Div. 16, NDRC -, .(2, -,0)- .Y, f),

8
,0) JL~z

'(Columnbia 1'niversity; PressI Net, Vork, 1946). Vol. 2, p. 20.
a W. F.. K Middtctc,n, I ision 7thruug/ the .t~nim'pkere lWni- 'S. Q. Duntley, A. R. Boileau, unit R. W. Preisendlorfer. J Opt,
rsit of Toront,, Pre-', C ann';, 0'52i, 1p (A s 6oc A.'in 17. 50t t 1957), FEq. (10)).
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a
P The results of the ini egration are
P
en d In ' = InT(z,0), (8) - :
j LVo(zO,O4)-.N 5(O,4,¢)J. '- .:n

X •~1•0000 .0

or

.,.,- -- ',(--,0,--) = T,(z,O), (9) • "
No(Z,,0,)-.Nq(0,040)

where T,(zO) is the beam transmittance for the path .
of sight of path length r. Rearranging, we find

ATZ,4)-A(Z ~~T+.X( 0o,o,)[ 1- T,(z,o)J. (10) .3...

The second term in Eq. (10) is the path radiance, , ,. 20 a 0 so 1 10

.V,* (z,O,&)= .q(0,O,4e)EI - T,(z,O)]. (11) ANGLE FROM SUN ,,EGREES,

roFi. 1. Equilibrium luminance for many upward-looking paths
of sight initiating at an altitude of 6100 m (20 000 ft) and termi-

the atmospheric beanm transmittance, To(O,O), (such nating at an altitude of 305 m (1000 ft). Each point plotted in
as is obtained by a solar transmissometer) can yield i.r rresents the equilibrium luminance of a different path of

a ap sight; all azimuths and zenith angles from 0' to 85 are repre-
t measure of the equilibrium radiance for all upward sented. The data were obtained by A. R. Boileau on Flight 112 of
paths of sight. The sky radiance is the path radiance, an instrumented B-29 USAF aircraft assigned to the Visibility
.V,*(0,0,0). Substituting into Eq. (11) and rearrangin, Laboratory. The flight took place on 16 May 1957 near Eglinin Air Force Base, Florida. The measured beam transmittance for thewe find vertical path of sight between altitudes 6100 m and 305 m was

0.897. The solar zenith angle was 250. These data illustrate that
.VY(0,O, 1) .V,*(0,O,)/[1 - T,(0,O)]. (12) equilibrium luminance depends on angle from the sun but not

appreciably upon zenith angle a or azimuth angle 0.
Although the equations used herein are rigorously true t
only for monochromatic radiances, they may be used
as a reasonable engineering approximation for sensors extended to equilibrium radiance for all paths of sight.

with a broad pass band in the visible portion of the It begins with the definition of path function,
spectrum. When the sensor has been carefully corrected A'.(zO,) =,.V,(aOO)u(z.B)df,
bby means of absorption filters to measure luminous
quantities, the equations may be written with the f -3
symbol X replaced by B, denoting luminance. +(13)

Measurements made in real atmospheres for broad
pass bands ,'iew that the equilibrium radiance com- In the first term, the apparent sun radiance is
puted from sky radiance by means of Eq. (12) or com- .V(z,O,,), the directional scattering coefficient at
puted from path radiances for shorter upward paths5  agle 3 from the sun is , and the angular subtense
from Eq. (11), is almost solely a function of the angle of the sun is do. The second term is the contribution
from the sun, 0, of the path of sight. An example is to the path function of the sky and earth radiances,
given in Fig. 1 of equilibrium luminances computed .V(z,O',O') over the 4" solid angle; 6' in this case is the
from measured sky luminances. This experimental angle between the sky (or earth) radiance and the pathfinding makes possible a different and useful expression of sight. The sun radiance times its angular stbtense is
for equilibrium radiance: it is derived in the following eqtivalent to the solar sahtr irradiance,
section. h.t(z)=' .V',(z,.,,o),12. (14)

f DERIVATION OF THE EQUILIBRIUM RADIANCE
AS A FUNCTION OF THE SCATTERING LOBE A scalar irradiance is nondirectional, hence its name.

h Since it has been assumed that there is no absorption,S~The derivation of the eqtuilibritim radiance as at

function of the scattering lobe is similar to that given L(z) i/'s(s), (15)
by Hulburt8 for the horizontal cmie but has been where s(z) is the total scattering coefficient. Using

6 The path radiance for the upuard path between altitude s, Eq. (4) and Eq. (15), we can rewrite Eq. (13) in terms
and z is found from the experimental data by use of the relation of the equilibrium radiance anl the directional scatter-:€,' tz,C,O) = .V.. tz,O,O) - .V s•,,O,q,) 7T, (z,O). "For Ulfl ard-lrN~king
paths of sight . is the sky radiance at altitude z. ing coefficient divided by the total scattering coefficient,

'FE. O.Hulburt, J. Opt. Soc. Am. 31, 474 t1941). 7(:,d), s(z), (which will henceforth be called the pro-

I;
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portional directional scattering coeflicient), We will next show that, c onversely, if the atmospherk i

beam transmittance, T,(z,O), the proportional direc- p
or,3 ,,(z') tional scattering lobe a(z,8)is(-), and the scalar reflect- e

x, ()(';60) fill (16) ance or scalar albedo A, are known or can be estimated, dn
the equilibrium radiance can be predicted and hence I

Since, as illustrated by Fig. 1, ,Vq(z,O,,) in a clear, the sky radiance and downward orbital-path radiances X
real atmosphere is primarily a function of angle from for any solar zenith angle, 0,.
the sun, 1, of the path of sight, the effect of dire( tionality
in the integral in the second term is small, and an EQUILIBRIUM RADIANCV AS A FUNCTION OF
average radiance, S (z), can be assumed, BEAM TRANSMITTANCE, THE PROPOR-

TIONAL DIRECTIONAL SCATTERING
oaz,) a(z.Wd) FUNCTION, SCALAR ALBEDO OF

.0,00) =h.W +(z ) -(. (17) THE EARTH, AND SOLAR
s (Z) J s (Z) ZENITH ANGLE

The scalar irradiance from the sky, hA, and the up- At any nonzero altitude, the scalar albedo or scalar
welling scalar irradiance from the earth, hk, can be reflectance of the earth can be defined as the ratio of the
expressed as upwelling scalar irradiance to the downwelling scalar

irradiance.

hlL (z)+,,(z)= ,,(z,8',•')dfl-() ,. (18) A..=h,(z)1 [h.(z)+hWz)J. (24)

Thus The upwelling scalar irradiance can be broken into
S'(z)= [hk(z)+h•(z)]/4w. (19) two parts,

Also the integral of the proportional directional scatter- kh(z)=h.(z)A,+hk(z)A.. (25)
ing over the 4- solid angle is 1, Equation (21) may now be rewritten

f zs() (20a r(z,.) Ai l+A
(10 + (k(2 (26)

--f~r S(Z X4(z,6,)=h,(Z)1 s(z) -4 1r L4T 1 Y (6
Now Eq. (17) may be rewritten The sun scalar irradiance is found by

.Vq(Z,O,O) h,(z)•.SO)+ hk(Z)+hM(z) (21) h,(z)=h,(( )T,0 (z,9,), (27)
S W 4rwhere h,(o) is the scalar solar irradiance out of the

From Eq. (21) we note that the equilibrium radiance atmosphere of the earth.

is solely a function of angle from the sun. Thus, upward A first approximation for the scalar irradiance from

and downward paths of sight at the same angle from the sky, hkl(z), would be to compute the sky radiance

the sun, B, have equal equilibrium radiances. and hence sky irradiance, using the equilibrium radiance

If enough equilibrium radiances are available for a from the sun alone [the first term in Eq. (26) above],
good coverage of angles from sun, #= 0 -- 1800, the [,(ý,) A,"

scalar irradiance from the lower hemisphere h.(z) can r\',) = h,(Z) (28)
be recovered by integrating Eq. (21) when the scalar S(z) 41rl
irradiance from the sun and sky are known, The sky radiance is

f N4(z,O,•),t .I* (_,0,0,) = .*,,,(Z,,,)[1 - T. (z,a)], (29)

" k and the sky scalar irradiance is

j~ Al~ (22)4 • W 4,,k'(.) = t V,,(..o,€)1:1- T.,(,.,o)3d, ? (30)
h. (z)+k (hk)+•. (0)= h(f),2

where h(z) is the total scalar irradiance. Equation (21) hence, substituting Eq. (28) into (30), we obtain
may also be used to recover the proportional directional .. _ 1 (
scattering, u(z,#)/s(z), by rearrangement of the equa- (2)=(Z)
tion, thusj :wLs(Z) s W 4r

r , rh.k(Z)+hb(z)
-h(z). (23) The second approximation for the sky scalar irradiance,

s(Z) 4r hA.(z), would be to compute the equilibrium radiance

- i"
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p Aq-(z,0,0) using hjl(z) in Eq. (26), a practical range of something less than that. It wmuld
p be easy to assign a series of albedo values Io oltaihl an
e f idea of the effect of different albedos on the sky radiant '.
n hk2(Z)=[ (32) In this model atmosphere, the path radiances for ind f termediate altitudes would be completely spe(ified if

h "+A a profile of at tenuation length with altitude were known,
h,2(z)=hk--l l'--"-")f, [1- T,(z,6)]d0 (33) in addition to the four parameters needed for solution

E - of Eq. (41). Thus, if we assume the structure for an
The third approximation for the sky scalar irradiance optical standard atmosphere, the only unknowns are
Tha(Ze would be to compute the equilibrium radiance the e(z,#)/s(z) functions which are responsible for a

given total atmospheric beam transmittance, and the
•,•(Z,O,cb) using hk2(z) in Eq. (26), scalar albedps that are appropriate for different types

of terrains. The scalar albedo for a given terrain"
kA:((Z)- Nq (Ze,*) -T.(zO)Jfd, (34) probably varies with solar zenith angle and hazines.s

fr •,.of the day (ratio of sky sLalar irradiante to sun scalar
I+A, irradiance). For an% terrain, however, th:..re is probably

hka(z)= hAz+hA4 -- )f [1 - T.(z,O)]dfl a reasonable range of values.

DISCUSSIONA

[1-. T1 0(z,0)Jd¶ (35) Related Work on Sky Radiance

Pokrowski' expressed sky radiances in a form similar
Let to Eq. (11). He also gave an equation for sky radiance

B= (1+A.)/4, (36) which expressed it as a function of #, and zcnith angle,
and 0. Duntley' expressed sky luminance in the same form n

as Eq. (11) for the Optical Standard Atmosphere. The
X=f [1- T.(z,O)]d.Q. (37) current CIE effort to develop a standard photopic clear

,, sky also uses an equation for sky luminance which is
similar to Eq. (11). This is based on work by Kittler.?

Now:Eq. (35) can be written The atmospheric beam transmittance used is 0.71. The

hk3(z)=hk1(I+BX+B2 X'). (38) equilibrium luminance used by CIE is e\-presse, in
equation form as a normalized function of anglc froi I

Therefore sun, #.
Another group of researchers9-1 has used sk)

radiances to obtain a relative measure of the scat tering

This series is easily evaluated and function o(z,8). Many of these workers have used sk%
radiances (or luminances) in the same zenith angle ab

hk(z)=hk.,(z) =kl/(l-BX). (40) the sun, but none have related the sky radiance to the

Substituting Eqs. (31), (36), (37), and (38) into Eq. equilibrium radiance by use of the beam transmittantl

(26), we find and the zenith angle of the path of sight.
Both T'ousev and Hulburt"' and Chandrasekhar'1

(Z,#) A.( (I+A,' have developled equations for computing sky radian, c
(Z,O,,)--h(Z)-) ++- - which takt, into account the polarization of the scattered

Ls(z) 4v 4r light. These expressions, even when the complication,-

FX F (S,) A.i due to polarization are eliminated, are much more
X I + [1- (z,)]d complex than the equations given in Sec. I for the model

LJ2 ,L s(z) 4wJ atmosphere. The two asullupltions upon which the

model is based simplif% Ihth iatliin.hips between the
C(I+.A f -T.(3,8)J1jII. variables.

4 r 2 r G . I. Pokro sk i, . I'hZ.l Lk 3 , 4 9, 4 1)1 1925, ;: 53. 67 4 10 2 b,
Z. Physik. 30, 697 (1929)

The first term in the braces is the direct scattering from 8 R. W. Kittler, in Pr,,cerdi,,,thq ( II bnerntti,,onal (on,,t"
the sun. The second term is the portion of the earth enceonSunlighling, Aprij 1O•t.,ah ,,u hot, I n•, cc-
scalar irradiance due to the sun. The third term is the trum, Rotterdam, 1967).

SR. Anthony, J. Meteorol. 10, 6U 1953,.
sky scalar irradiance and the reflectance from the earth F.E. Volz and K. Bullrich, J .Metutrol IS. W0 ( 19t1t

of the light from the sky. Although seemingly compli- "' R. W. Fenn. Beitr. Phusil, J nlmpt.,re 37m.71 090-41
cated, Eq. (41) is quite easily solvable by computer. IS. ChandraEkhar. Rad0. w uu rmf, , Clarcnhn 17 .4-..

The scalar albedo has a theoretical range of 0 to I and 0Oford, England. 19O4).
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eqtuilibiriuim Itiminance o~ver A esternHri titua near IEgli n A F I
16 %Iav 1957, Vjisibility L~aloraior% Flight 112. measured k In ( andl if) water ( 1-41. WI these. 15 are so
%i R. Hfoiteau. Sun zenith tingle iq 23" llath functioti .i -90 13' weak ais to be inet-Tu live except in the- spectrunm of thle
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graph hat, three -cales, with the rqiitiihbritim luminance -walw oneW lie bet ween 0.579)6 and 0.0981 pm. I )nlh one. an 0)1 band
half the -a/e of the attenuatioii-teigth andI pimh-futction wcale., at 0.6884 pinl. k' stroing, Thus. for monochromatic light
th1w. thle graph is. a noanographit e\pres~iiin of the relationship I

e\ttrvt'sret ini Eq. 14). that is. eq~uilibrniu tuiminance equals the between 0.4 and 14.57 pil and for broad-hand visible
lirinluet of the attenuption leinitth and ibi' pthil function sight detectors (suci as~ photopit vitioti I ithe at mospherit

11.'~.tll.I 1'..14. 4~'AJO II :4 'Sabsorption ran be ,itn%idt-rvd neatli~ible except for a
let tila quin.

Comparison of the Real Atmosphere to the ModelSU M R
T'he first atssump ttion if t he Iii tIN I i. t hat the Pointi
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ttle.%; not chang~e with alt;! ide. A direct measure of tile iib'portion of the spectrumi has been presented in
point -function equilibrit' ,i radliance~ i% that of h, which the equation of transfer may' he integrated. Tite
horizon skt Hori/on ial ~t~l1Iin ibii i radd .init e it-lasiirt- "'ru Itant equa tions ft r t q uiflibri timn radiance. sk% rdi

ntlents %%ere made withl the forward I eltlphot onlet, el- 'itli am, andi proportional directional scattering funtittion
hie at tenutat ion meter miounted tin th It 1 29) I l il ki t Wiiiiiirlrahl% ~impler than havt been e~pressrd

craft assigned to the Vibibilit L~ahoraior\ (Ste Ref. 4. hit litni i. ( onipariý,o, 4f tie real at niosphrre to thle
1) 30) When the descent ol the BI 2t) I roni higha imtmtel Intdicate that lie iwo t onditions speciti.'d b% the

diiitid wa mad ingraltia stges the horizont 1 *L-;!-ttilption%1 art, adr-quiek me'l it for visible ih tn

equilibrium radiance iii the visible poirt ion tI tIll oinhe t lsa r da%
spect'ruim remained relativel\ con-;tatt with alt ittidt I i(I odtberg tiillt /~ 1,rtit .i, a Planet. Gi. P. kiiiptr Fdr
See example in Fig~. 2. ()itt lliuhi inl %0hit h the iii ~ nt I t it~it %'t -i I et ( Pr 'thikagn. 10%'. Ch.



0. D. BARTENEVA

SCATTERING FUNCTIONS OF LIGHT IN THE ATMOSPHERIC BOUNDARY LAYER'

Ten classes of scattering functions are presented. corresponding to different con-
ditions in the atmospheric boundary layer. For visibility ZZ0 km and extinction
coefficient a = 0,0136 kmn~l a near-Rayleigh scattering function was obtained. In
fogs the scattering functions exhibited peaks near 140". which corresponds to the
primary rainbow region. A correlation was established between visibility and the '
shape of the scattering function. -

The scattering functions of light under different characterizing the spatial distribution of scafti~rc
atmospheric conditxons must frequently be known light - the scattering functions or angle-dependent
in connection with certain theoretical and applied scattering coefficients pi(t). The total scattering
problems in atmospheric optics. coefficients p or extinction coefficients a are then

Several disagreements are found among a calculated by means of the equality
few investigations (1-61 that have been nub-
hished. For example, Hulburt (11 obtained-
a 10:1 forward-to-backward scattering ratio p=a-2x ip(019)4ed9 1
for visibilities from 5 to 20 km. in agree-
ment with Rocard's older data. Howvever, Scattering was measured in an open volume of

Bull~ch 2],Reegr ad Szdenopf $],air. The apparatus was designed for field work
and Bullrich and M8ller [4) have reporteddriin-aylhhorad nmesesct
the ratio 100:1 for the same transmittanceduign-ayghhoradcnmesesat

rang. Fotzl andZscaeck[5]obtanedtering at angles from 161 to 164". (o - 0" is the
results close to those given in Refs. [2-41. The dietoo hepjeedba.
results obtained by V. F. Belov [61 disagree Scattering functions were measured at intervals
sharply with those given in Refs. (Z-51, show- of I0V in the given angulay r~nge. As a control, at
ing only a very slight dependence of the scattering- the end of a run the first po,.,t was remeasured;
curve shape on transmittance the difference between th* first and last measure-

Scattering rr-asurements were confined, as a ment should not exceed the error in measuring
rule, to small transmittance ranges and were then p (0).
extrapolated to the entire transmittance range. Simultaneous measurements of scattering func-
The disagreement of Refs. 1 1-6J can be attributed tions by several observers showed that the r.rn.s.
not so much to the inadequacies of any particular error of a single measurement of p Jqs) fluctuates
procedures, as to different conditions for observa- from * 5 to *• 15S, depending on the brightness
tion under which the quantity, character and size levels of the compared photometric fields. For
distribution of particles suspended in the air were each angle v photometric balance was established
never known. Reliable data regarding the scatter- three times. The number of reading* was in-
ing function of light require a large number of ob- creased to five or more when the photometric
oervations at different geographical locations fields were not bright and measurements became
under different meteorological conditions. difficult. Most measurements were obtained by

It was therefore of interest to supplement and two observers who recorded the distribution curves
improve data on the atmospheric scattering of light successively. This made it possible to eliminate
by means of systematic observations of scattering subjective visual errors. and considerably in-
functions over the entire range of visibilities. Our creased the accuracy of p M•.
measurements have shown that the shape of the Scattering observations in fogs required great
scattering curve is strongly dependent on trans- care because of variations in log density and in

Smittance. In addition, curves of different shapes the aerosol size distribution. In order to provide
Scan be obtained for the same visibility. certainty that a given measured scattering func-
SFrom 1955 to 1958 scattering functions were teen pertains to a single fog condition, we consid.

measured under different meteorological and geo- ered only curves that had been obtained either by
graphical condittori, using a nephelometer with two observers in succession or from several runs
variable observation angle,, which had been de- by a single observer.
veloped by Rityn' and Lazarev 171. The average time r.,quired for measuring A

}The nephelometer consists of an illuminator, single scatt,!rmg function was 15-20 rain for non-
',visual photometer and recording device. The il- automatic recording, and 5 mnin for automatic re-
iluminator emits a directed light be-n. The bright - cording of photometer reading* Under fos. con-
-•ness of a given air layer is measured by the diticins all readings were renorded automatically.
Sphotometer at different angles T from the illum- - Curves were plotted from average measure-

naote axis., These measurements yield curves meets. Omitted regions from 0' to 16' and from

"" Reponed at the All-Union Confe~tsce on Actionsety, and Atmosphessic Optics, in %.eaisiiad, Isn rY, 1939. Isiv. '19tophys. Smt. 19( 1. PP. 12322o

1965 tsiasslated by Ltvis Fella.
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p 164° to 180* were extrapolated graphically, Func- . '0 $e tional coordinates were used, with the axes rapre-
nm seating x = cost and y = log p(o). Smooth curves

d were driwn through the experimental points. On
the assumption that the number of points was ade-
quate for determining the shape of a scatteringcurve, in addition to interpolation between points.
extrapolation was extended to 9 = 0 and 180". ItF appeared that a sufficient number of scattering
measurements had been performed, since the
value of

p = •/(-4p)sjn~d9 2x Z 1(.)d

that was calculated from the smooth curve agreedwith the value of a as measured by different
methods [8]. It was convenient to use the indicatedcoordinates for plotting the scattering functions, [-. - -.

since the requirement - -.

30 -.- O ISO t*
SI 0 Fig. 1. Scanenal fuaccioas of lijib in sit - jrn&d- type

is easily satisfied for = 0" and w . Is - crve re'istered at 9 Elbtus; I - Rayleigh fscuoa

lot pur dry air; 2 - class 2, rdual type; 3 - class 3, stad.
MEASUREMENTS OF SCATTERdNG osI type, etc.

FUNCTIONS

functions. Under certain conditions in a highly
During the period 1955-1958, 715 scattering transparent atmosphere (S > 50 kin) a was deter-

functions were measured under different meteor- mined by numerical integration of the scattering
ological and geographical condtions and with viai- coefficient p(qi) (Eq. (1)).
bility S(=3/a) varying from 0.4, to 220 km. In conjunction with scattering measurements in

Meashrements were pcrf*,::.rcd (a) in the Lenin- fogs transmittance was always measured by an
grad region at the field base of the Main Geophysi- M-37 trans nittometer (II]. In the processing of
cal Observatory in Voeikovo for three years, and the data only those scattering functions were re-at the Toksovo weather station; (b) at Odessa on tained for which the extinction coefficient derived
land and at sea during October (in collaboration by numerical integration of the scattering curve
with G. Ya. Bashilov); (3) during the Mt. Elbrus agreed, within error limits, with the extinction
expedition of the USSR Academy .)f Sciences, at coefficient a derived from transmittometer meas-
3200 m (Terskol Peak) and at 4000 m (glacier urements.
base), during September, (d) in the central portion Visibility was computed from the formula
of the Atlantic Ocean far from nny land (38-43'N, S = 3/a. All scattering-curve measurements were45-47*W) on the steamship Lomonosscv during accompanied by notations of pressure, tempera-
April (under the direction of G. Ya. Bashilcv). ture and relative humnidity.

The extinction coefficient a was measured at The large amount of experimental material per-
the Jame time but independently of the scattering mitted a rigorous evaluatign procedure and rejec-

Table I

Class and type Number of meas-
of scattering K S, km ured functions and

function station

11 220 13(E)
2 1.2-1.5 180-100 33 (E, V)
3 1.6-Z.5 150-50 138 (E, V)
4 2.6 3.5 100-20 94 (E, V,. T, 0, L)
5 50-10 101 (E, V, T, C)

3.6-5.5 20-10 17 (L, 0, V)
6 20-4 70 (V, T, O)
6' 5.6-7.4 10-4 8 (V, 0)
6" 0.8-0.4 7 ('1)
7 10-2 64 (V, T, O)

51 0.8-0.4 14 (V, T)

8 4-0.6 25 (V)
8 1I.1-16.5 0.5-0.4 6 (V)9 2-0.6 20(V)
9" 16.6-25 0.8-0.4 6 (V)
10 25-35 1.5-0.7 4 (V.')
10" 0.5-0.4 4 (V)

I
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APi) )a In Fig. I. curve Is, representing K = 1. is the P
average of 13 curves measured at various times P
during the night of September 21-22, 1957 on e
Terskol Peak. Associated values of parameters n

loop are a = 0.0136 km"i and S = 220 km. At the time d
of observation the air temperature was +5S rela-
tive humidity 26% and pressure 704 mb. The X
r.m.s. error of p (9) was *5%.

Curve la in Fig. I is close to the Rayleigh func-
tion (curve 1). for which the normalized function is

AN Fr- F(9) -1-(0+ COSS9).

', ' 6 The maximum discrepancy of p*(s) between curve

l . a and the Rayleigh function was +4% at 9 = 16"
.. / ,,.. and 164", which is within the limits of error.

< "......... Each additional curve in Figs. I and 2, repre-

\ I" senting the different classes and types, is the

- ./ 7/ ferent geographical locations (Table I).

____,_./__"_ -•" The curves were found to depend on more Lhan
one parameter. Some classes incluoed both the
gradual type, re 'resented by the Rayleigh function

to0 •0 (Fig. I, curves & and Is), and the steep type, rep-

Fsi. L Scatteriss £,mcuoas of hiiiht i s&u - steep type resented in Fig. 2 by greatly extended curves with
5' - class 5, steep type; 6' - class 6. steep type, 6' - class 6. steep maxima at 9 = 0* and pronounced minima at

S110-120". The graditil curves differ in that they
step type widi peak, etc. lack pronounced minima.

Classes 1-4 for K _ 3.5 contain curves of only
tion of doubtful cases. Only 624 out of 715 scat- a single (gradual) ty'pe. For K > 3.5. i.e., begin-
tering curves were retained. ning with class 5. for a singli'value of K we find

"The parameter used to characterize a family of both the gradual type (Fig. I, curves 5,-6, etc.) and
curves representing scattering under different the steep type (Fig. 2, curves, 5', 6'). The steep i
c nditions was the so-called light-flux asymmetry type begins to appear in class 4, but the difference
coefficient K (the Richtungsquotient of Foitzik and between the two types is very small there, and is
Zschaeck [!q)., which is the ratio of the forward- within the limits of error.

scattered flux 0t Lo the backward-scattered flux 41. For K > 5.6 (beginning with class 6) steep
curves exhibit a peak near 140", which remains in
all subsequent classes but with some reduction of

A' )•'____ peak height (Fig. 2, curves 6", 7 ", etc.).
K The shapes of both types vary with K. With in-

S)ir.tV9 creasing K the curves art stretched and the maxi-
mum at j-= 0* becomes more pronounced.

K was determined for each scattering function, The highest values of K are represeni-'d by the

and'all curves with values of K in the same range gradual type in class 10. The steep type in class

were grouped together to forrii a single class. 10 includes four curves with K = 40. However.
oK in adjacent classes differed by according to the calculations Zf Shifrin [91. our

The values of value K = 40 probably results from errors of
a factor of about T.5, 10 different classes were measurement and should be reduced to 3S.
discriminated in this manner. Besides the division
into classes, the scattering functions were desig- Fig. 3 shows scattering curves corresponding
inated as either "gradual" or 'steep' with a deep to transmittance varying from that of a pure Ray-
mnimum aseither "g " 1 r "leigh atmosphere with S = 220 km to a fog with
minimum at IP = 110-120". S = 0.4-0.5 km. The shape of the scattering func-

The results are given In Table I, where the Eton was not observed to depend uniquely on trans-

class numbers and types are listed in the first mittance. For any given visibility, scattering

column, steep types are denoted by single or double curves are observed to differ considerably in

primes. The second column gives corresponding shape as well as in scale of magnitude. (In Figs.
values of K, and the third column gives the visi- 1-3 all curves have been reduced to the same flux.)

bility S with which each class is associated. The For high transmittance with S Z 50 km only gradual

fourth-column gives the number of measured scattering curves are oserv'ed. In the remaining

curves in each class and the station (V- Voeikovo, major portion of the visibility range both types of

T - Toksovo, 0 - Odessa, E - Mt. Elbrus, L - Lom- curves are observed.

onossov). The shape of a scattering curve is strongly de-

Figs. I and 2 show the different classes of scat- pendent on atmospheric conditions, and is stretched

terir.g curves, with abscissas denoting the scatter- out more and more as visibility is reduced. We

Ing angle o in degrees and the ordinates denoting can therefore not lmitourselves to a single aver-
nornalized values' age curve for scattering such as the Rocard scat-

tering function.

The scattering curve for a fog can differ con-
( " -(" (2) siderably from that for a haze. In clas',-s 6, 7, 6,

211 P(9) S1IR 9. and 10 we recorded the steep type w-th a peak
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P icurve shape remains unchanged within the limits
e I, M. S /t. o $- of error and it was possible to average the meas-
fl , . • urements obtcined on different days. In class 9

d , two different curves (9 " in Fig. Z) were obtained
with peaks of different heights near 140". Class 10

X VAG.- was limited to four curves of identical shape (within

.-o o ,' the limits of error) and with a low peak around
140'.

Fig. 3c shows our scattering curves in fogs.
Both gradual and steep curves are observed for

S• Who. s." k S 0.6-0.8 km, while only a steep curve with a
jeak near 140" is observed for S = 0.4-0.5 km.

$ The peak near p = 140" in fojg corresponds to
.1 the primary rainbow region; the bend of the curves

for classes 6", 7 "and 8" at I Z0-I130" corresponds
to the secondary rainbow region. According to the
calculations of Shfrin (101, a rainbow results from
the presence of large water drops in a fog, The
height of the peak evidently depends on the relative

p'lt dJ number of large drops in the total number of all

Ow $,x' sthe rainbow may possibly provide a basis for de-

termining thie size distribution of particles in fogs.
However, all of these hypotheses require further
checking and, primarily, knowledge of the fog-

_- particle size distribution at the time of measure-
* __ - - ment. Bullrich (13] also recently observed a fog

x X Wo rainbow.

, I..It must also be noted that, in accordance with
AV .W0k-. Fig. 3a-c the point of intersection of scattering

Scurves observed for any given visibility depends

on the visibility. The curves observed for high&visibility (S > 50 kn) intersect near 4 = 60".

FWith inCreasing turbidity the intersection point

4; begins to move toward smaller angles p; in a highly
S\"'. . • turbid atmosphere the curves intersect near 30"

At and 20". Fig. 4 shows how the intersection point

of scattering functions depends on visibility.Pyaskovskaya-Fessenkova (12] measured scat-
tering functions by observing sky brightness during
high visibility, and obtained an intersection point
near 9 = 60, in agreement with our results. The

• 45-. ft. mean value of pit• (corresponding to our po(g)) ob-
tained by the same investigator from a large

amount of data was 0.076 for 0.05 < T S 0.30 (Ref.
(12], Table 46). Our data show that this transmit-

* • .tance range furnishes scattering curves of classes
J.° I to 5; the corresponding values of p*(i) for op = 60"

(Table 2) fluctuate from 0.075 to 0.068 and are 4
. close to the values of p/•t given in Ref. [12]. I

""i$. 3. Li~he"-sctetinS functions fog For the purpose of comparing our scattering
C difstse" visibilities functions with the results obtained by Foitzik and

Zschaeck (Ref. (5], Table 3), the scattering curves

near 9= 140", which is observed only in fogs; in were normalized in accordance with Eq. (2), after
Fig. 2 this type is represented by curves 6"-10,,. which our classification based on the values of K

In the higher-numbered classes, i.e.. with in- was used.
creasing asymmetry coefficient of the light flux, Fig. 5 shows scattering curves for our classes 3
the peak is reduced. In classes 6. 7 and 8 the to 9, together with points obtained by Foitzik and
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S3' Coo". I Zachaeck which represent these same cl•aees.
40Theise data are seen to be in good agree"4tiitwithf1 our results. The data given in Ref. (5) are quite

4 uniformly distributed around our curves. The

I I ýor -sewhat higher values of pe(q) in the region 90-
X 10'0 for classes 1, 5, 6 and 7, compared wvith our

data,, cakn probably be accounted for by the f4act that
• Il Cn.. .the observations of scattered light which aOo re-

ported in Ref. (5) A-ere performrd against &he
background of a wooded hill with sufficient bright-

Cifts CD...5I ness to increase apprecisbly thie value of p*(0) at
the scattering -curve minimum. For low visibility
(cl "+±. 8 and 9. S = 0.6-6 kin) when the brightness
of th. hill was ald very small compared with the
.. baerved scattered ligh* the points of Foitzik and
Zscha,+ck were uniformly distributed around curves
8 and 9. Oar measurements were performed
against an ideal black-body background.

"W ~Tho visibility associated with each given class
Cies" Ch.* of scattering functions reported in Ref. [,q Corre -

I sponded to our limit of visibility for the sasf1 e
iX class.

The agreement of scatte7ing measurerneritr ob-
tained with different independent techniques mug-
gests that ou- data for the visibility range : t Z20

't• JO i/j? ,•f • km to 1 km are quite reliable. The steep scatter-

FI. 5. Cdmpedm" •t scattea•fg funtions obtai•ed in tLe ing curves with peaks near 140" Icurves 6'-10").
poomss istismioa vwit daone of Foitznk snd Zsdceck [31 observed in a log, warn based on meager d"ta and

are therefore only provisional,
I - sla. 3 m 9 (a" cla'sslfcato);. 2 - coutr.ondifa Table 2 gives valuee of the normalized scatter-

do"ais Ref, (5[ ing functions pl(g) for different classes at intervals

x 0 0 0 + I

0

| + P.4 . i • . ,
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! t+
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ent curve classes. wi-h increasing turbidity the
range of fluctuat~on of K increaseq. The correla-
tion R between the form of ac~ttering curve char - 1. 10 classeo of light -scattering functions were
actouilzed by K and visibility S is R =0.77 a 0.02 obtained. corrusponding to different values of the
for 10 kmn S SSý ZZC kin, R 5.69 a10.0Z for 4 km light-flux asymmettry coefficient K and different
S SýZZ 20km?ý and R =0.gt a0.08 for I km S S < 10 conditions in the atmospheric boundary layer. For

- -KK> 3.5 each class includes both gradual and steep

The quantitV and pr-rperties of aerosl3s are af- 2. The shape of scattering furcti-3ns does not
ficted by the geographical location of the ObserVA- depend -iiquwly on lisibility, functions of m~rkedly
tion statiot-. sy.noptic cinditionx, the ground surface different shape& are observed for the same vimi-
a.,d other factors. However, it was not observed bility. As v-sibiliiy dimintshox. the curves are
ti.u. the form of the scattering function iepands on stretched increasingly away from the Rayleigh
geographical location, function,

Table I and Fig. 6 show that the same form of 3. For a z VD.0136 km'l a n.&ar-Rayleilh function
SCkL4:-n6 fu,.ction for a given vi.libilaty range was was zecordel 'n fogs scattering functions were

recods i a OdssaMt.Elb-ii. an.i otuam.do- found with a peak near v l 40'. corresponding to
penodein on Odesharte of theu air mPotsdat, de- the primiary rainbow regioft, Cas a conosequence of
obenvaingon thme aatro h arm msa h large fog drops.

obsevatin ties,4. Correlation has been established between the
Measurements by other investigntors confirm shape oC tt'.e scattering function, charatctoi ised by

those results. Ref. (1Z] :urninhes the best approx- the p~arameter K. and visibility S. For 10 kinm S
imnation to the Rayleaph Junction in a desert, rather r -20 kmn we hiv-e the correlatio~n co*efficiont-
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PR = 0.77 * 0.02, and for 1 km< SS < 10 km. R = 0.56 for the furnishing of oceanic scattering data, and
e 0.08, A. N. Boyarova for assistance in the investigation.

In conclusion the author wishes to thank N. G.d Boldyrev for a discussion of the results, K. S. Voeikov Main Geophysical Received
I Sifrin for valuable suggestions, G. Ya. Dashilov Observy.tory 2/8/1960
x
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Glossary And Notation

The notation used in reports and journal articles produced by the Visibility Laboratory staff follow, in
general, the rules set forth in Appendix A, pages 499-500 (Duntley et al, 1957). These rules are:

Each optical property is indicated by a basic (parent) symbol.

A presubsc ipt may be used with the parent symbol as an identifier, e.g., b indicates
background while t denotes an object.

A postsubscript may be used to indicate the length of a path of sight, e.g., r denotes
an apparent property as measured at the end of a path of sight of length r, while o de-
notes an inherent property based on the hypothetical concept of a photometer located at
zero distance from an object.

A postsuperscript ,, or a postsubscript, , is employed as a mnemonic symbol signifying
that the radiometric quantity has been generated by the scattering of ambient light reaching A

the path from all directions.

The parenthetical attachments to the parent symbol denote altitude and direction. The
letter z indicates altitude in general; zt is used to specify the altitude of an object.
The direction of a path of sight is specified by the zenith angle 0 and the azimuth 0. In
the case of irradiances, the downwelling irradiance is designated by d, the upwelling
by u,

,I



A(z) Albedo at altitude z,, defined by the equation A(z) H(z,u)/H(z,d). (Scalar Albedo, at altitude z,, N(z,0,01
is the ratio h(z,u)/h(z,d).) bNo(zt, 6

C0(z,,O,O) Inherent universal contrast determined for a path of sight of zero length at altitude of the object z, in
the direction of zenith angle 0 and azimuth 0!. This property is defined by the equation

tN0(zt,0,') - hNo(z.,O,4O)

bN°(zt'0'0)

C,(z.,0,) Apparent universal contrast as determined at altitude z from the end of path of sight of length r in
the direction of the zenith angle 0 and azimuth 95. This property is defined by the equation tNo(zt,O

tNr(Z,0,() - bNA(z,O.(k)
C (z, 4, ) -- tN,(z,0,4

bN r(z,0,0)

bC(z,0,0) Path-to-background contrast. This property may be defined by the equation

R;(z,O,(k) - bRO(z,,OO) Nq(z,O,q

N,( z,0,,

H(z,d) Irradiance produced by downwelling flux as determined on a horizontal flat plate at altitude z,

In this report d is used in place of the minus sign in the notation H(zt,-) which appears in Ap-
pendix D. This property may be defined by the eluation H(z,d) - N(z,0',O') cosO' d Q.
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H(z,u) Irradiance produced by upwelling flux as determined on a horizontal flat plate at altitude z.
Here u is substituted for the plus sign formerly used in the notation H(z, +). N:(z,0,

h(zl Scalar irradiance. This may be defined as the radiant flux arriving at a point, from all directions

about that point, at altitude z (Tyler and Preisendorfer, 1962). psiah(z) = h(z,d) + h(z,u) .

h(z,d) Scalar irradiance produced by downwelling flux. This may be defined as the radiant flux from the psid

upper hemisphere arriving at a point at altitude z., bRo(ztO

•h(z,d) Scalar irradiance defined as the rad;ant flux from the upper hemisphere sky (flux from the sun is not
included) arriving at a point at altitude z. bR,(z,O

,h (z) Scalar irradiance defined as the radiant flux from the sun arriving at a point at altitude z.

h(z,u) Scalar irradiance produced by upwelling flux., This may be defined as the radiant flux from the

lower hemisphere arriving at a point at altitude z.

Luminous intensity of a photometric standard, usually incandescent, in the direction normal to the SAT

plane of the filament.

L(z) Attenuation length at altitude z. This property is the reciprocal of attenuation coefficient, that is, SAkTA

"L(z) a(z)
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de z, N(z,0,0) Radiance as determined from altitude z in the direction specified by zenith angle 0 and azimuth 9. nn

bNo(zt,.0O) Inherent background radiance as determined at altitude of the photometer z, at zenith angle 0 and
t zt in azimuth 4. x

bN,(z,O,0) Apparent background radiance as determined at altitude z from the end of a path of sight of length r G
at zenith angle 0 and azimuth 0. This property may be defined by the equation*i

AN~z,0,0•) = NolZt,t,O) T,(z,O) + Nlz,O,(k).

r in !
tNo(zt,0,4)) Inherent radiance of an object as determined at altitude of the photometer zt at zenith angle 0 and

azimuth 4).

tN,(z,0,0) Apparent radiance of an object as determined at altitude z from the end of a path of sight of
length r at zenith angle 0 and azimuth 4. This property may be defined by the equation

tNl(z,O,(A) = tN.(zt,,O,) T,lz,O) +N*,lz,0,0). 'i

Nq(z,0,0) Equilibrium radiance at altitude z with the direction of the path of sight specified by by zenith
angle 0 and azimuth 4). This property is a point function of position and direction.

N.(z,0,0) Path function at altitude z with the direction of the path of sight specified by zenith angle 0 and
azimuth 4. This property is defined by the equation

N.(z,0,0) f a(z,P•')Nlz,0',O') dQ . •
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This property also is a point function of position and direction.

Nr(z,0,4)) Path radiance as determined at altitude z at the end of a path of sight of length r in the direction
tions specified by zenith angle 0 and azimuth 4.

psia Pressure, absolute, pounds per square inch.

psid Pressure, differential, pounds per square inch.

bRolztO,95) Inherent background reflectance as determined at altitude of an object zt and viewed at zenith an-
snot gle 0 and azimuth 0.

bR,(z,O,q5) Apparent background reflectance determined at altitude z from the end of a path of sight of

length r specified by zenith angle 0 and azimuth 4.

rR (z,0,0) Directional path reflectance as determined at altitude z at the end of a path of sight of length r in
the direction specified by zenith angle 0 and azimuth 4.

the SXT-x Standardized relative spectral response of filter-cathode combination where S\ is spectral sensitivity
of the multiplier phototube cathode and TX is spectral transmittance of optical filter.

is, SATA Relative spectral response of an individual filter-phototube system.
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PI
eI s(z) Total volume scattering coefficient as determined at altitude z. This property may be defined by

dt the equation
i I.

GI •

S~In the absence of atmospheric absorption,• the total volume scattering coefficient is numerically equal

to the attenuation coefficient.

Ms(z) Total volume scattering coefficient for Mie scattering at altitude z.
Rs(z) Total volume scattering coefficient for Rayleigh scattering at altitude z.

TP(z,A) Beam transmittance as determined at altitude z for a path of sight of length r at zenith angle 6.

This property is independent of azimuth in atmospheres having horizontal uniformity. It is always the
same for the designated path of sight or its reciprocal.

br,(zO,4) Contrast transmittance as determined at altitude z at the end of a path of sight of length r and
specified by zenith angle 0 and azimuth 9. This property is not independent of azimuth and is not
the same for the designated path of sight and its reciprocal.

WA Spectral emittance (power/unit of area) of electromagnetic flux from a plane surface.

y Symbol for visual efficiency function.

ZSV Zero scale value. The zero point on the linear scale when the radiometric or photometric quan-
tity x is equal to a reference radiometric or photometric quantity x. as shown in equation

log[Xo/X] = 0.

a(z) Volume attenuation coefficient as determined at altitude z. In the absence of atmospheric absorp-
tion, the attenuation coefficient is numerically equal to the volume scattering coefficient.

Symbol for scattering angle of flux from a liQht source. It is equal to the angie between the line from

the source to the observer and the path of sight

Symbol for scattering angle of flux from a discrete part of the sky. It is equal to the angle between

the direction specified by 0' and 4' and the path of sight.

A Symbol to indicate incremental quantity and used with r and z to indicate small, discrete incre-
ments in path length r and altitude z.

(A Spectral emissivity of tungsten filament.

C• Symbol for radius of the earth in Eqs., 2-11 and 2-12 and Fig. 2-2.

0 Symbol for zenith angle. This symbol is usually used as one of two coordinates to specify the direc-

tion of a path of sight.,
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fined by 8' Symbol for zenith angle usually used as one of two coordinates to specify the direction of a discrete n
portion of the sky. I

Symbol for azimuth. The azimuth is the angle ini the horizontal plane of the observer between a fixed X

point and the path of sight. The fixed point may be, for example, true north, the bearing of the sun, ai

ally equal or (as in this report) the bearing of the moon. This symbol is usually used as one of two coordinates
to specify the direction of a path of sight.

This symbol for azimuth is usually used as one of two coordinates to specify the direction of a dis-

crete portion of the sky.

o Symbol for volume scattering function. Parenthetical symbols may be added; for example, A3 may be
anglthe 0.used to designate the scattering angle from a source. In Appendix E the parenthetical symbols are z

lways the and )9 for altitude and scattering angle.

r and a(z,p)/s(z) Proportional directional volume scattering function. This may be defined by the equation

nd is not

J Io(z,j)/s(z)l 1.
4r7

Symbol for wavelength.

ic quan- Symbol for solid angle. For a hemisphere

S= 2v steradians;

for a sphere

= 4n steradians.

absorp-

line from

between

"ete incre-

he direc-
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